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EQUILATERAL AND EQUIANGULAR POLYGONS 
IN SPACE 

Bu 

Prof K R GUNJKAR, 

Royal Institute 0 / Science, Bombay 

1 Apart from its general mathematical interest, the problem of 
the existence and construction of equilateral and equiangular polygons 
in space is of particular interest to the Organic Chemist as it throws 
light on the structure of closed ring compounds of carbon Sachse 1 
seems to have tackled it first in 1890 and has obtained valuable 
results, as also Mohr, 1 Derx,® Wightman 4 and other chemists, but no 
systematic mathematical treatment appears to have been given until 
192 9, when Brodetsky 1 discussed the question in some detail. The 
method used by him, however, is somewhat indirect and the discussion 
of the hexagon is incomplete The following treatment is both 
simpler and more direct and does not require any mathematical 
equipment beyond elementary trigonometry and geometry The 
different possibilities for the hexagon are discussed more thoroughly and 
results not noticed by Brodetsky are obtained A purely geometrical 
explanation for the existence of the flexible hexagon is also given 
and is, of course, more satisfactory than the analytical discussion. 

A simple method for constructing models to illustrate the results 
is also described. 

2 The problem is to construct equilateral and equiangular 
polygons, which are not necessarily plane. In all cases we shall take 
each side of the polygon to be of length a, and each angle of the 
polygon to be ir - 6, so that each exterior angle 13 9 (given). Then 
A, B, C, D, . being consecutive vertices, the lines AC, BD, CE, 

Q 

. . . joining alternate vertices are each of length 2a cos- Again 

2 

the perpendicular from any vertex (e g B) on the line jo ining the 

two adjacent vertices ( 1 . e. AC) is of constant length, viz. a sin^- 

2 

6 0 

. Let a cos—" b and a sin — =c. The diagonal joining any 

2 2 


(fig. 1) 
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Fix ACE first and let L, M, N be the midpoints of the sides 
CE, EA and AC respectively Then DL “ FM “ BN ■“ « “ 

a sin y and they are perpendicular to CE, EA and AC respectively, 

(fig 5) Let a, P, t be the angles made fay LD, MF and NB with 
the plane ACE, » e. with the lines AL, CM and EN respectively, the 
angles being reckoned positive on one side of the plane and negative 
od the other We may then express the conditions that 
BD =■ DF - FB = 2b 

Let B',F' be the projections of B,F on the plane ACE. Then 
B'F m = OB'* + OF” - 2 OB'.OF' cos 120°. 

- (b/*/3 + c cos Y)* + (6/n/3 + o cos p)* 

— 2 (6/>/3 + c cos p) (&/</ 3+c cos T) (“D 
=s 6* + c* (cos* P 4- cos l T ) 4- 3 be (cos p + cos Y) 

+ c* cos P cosT 

The projection of BF perpendicular to ACE — c ( sinp^sinT ). 
BF* *= B'F r8 + (J- projection) 8 

» b* + 2c* 4-^/3 be (cos P 4- cos T) 

4- c 3 (cos p cos T — 2 sin P sin T). 

But BF - 2b 
Therefore, 

n/3 be (cos 0 + cos 1) 4* c % (cos 0 cos K — 2 sm 0 sin K)— 3b*- 2c*. 

In the same way equating BD and DF to 2b, we have 

</3 be (cos Y + cos a) + c s (cos I cosa - 2sm Tsrn «)• 3b*— 2 e* 

an iL 

s/3 be (cos a + cos 0) 4- c* (cos a cos P~ 2 sin a sin 0) “» 36* — 2c 9 
We may write these as 

p (cos 0 + cos Y) + q (cos 0 cos Y — 2 sm 0 sin Y) ■■ 1 (1) 

p (cos Y 4- cos a) + q (cos Y cos a — 2 sm Y sin a) — 1 (2) 

p (cos a + cos 0) + q (cos a cos 0 - 2 sm a sin - 1. (3) 

where p-* *Jlbc / (3b* — 2c 8 ) «*- s/3 sm 0 / (l + 5 cos 9). {a) 

and q — c* i (3b a — 2c x ) (l — cos 9) / (1 + 5 cos 8). (b) 

Note that p s — 2q 9 4- g. (c) 

The values of a, 0 , Y obtained from (l), (2), (3) will fix the hexa- 
gon required. 

The equations are obviously satisfied if a ■» 0 ■= Y, and 
2p cos a + q (cos 9 a — 2 sin*a) «■ 1 

- A i v'b’ 4~ 6g s 4“ 3g 

giving cos a— — E — — 

3g 

— - 3 cot or cot ~ from (a), (6) and (o). 
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6(1) If 9 < 60°, cot 912 > s/3 and so both solutions are inad- 
missible as they would give imaginary values for a. 

6(2) If 9 ^ 60°, the second solution gives a real acute value 

for a, but the first one is inadmissible unless | cot 91 2 j ^ — * #. 

unless 9 > 120°. 

6(3) 9 ^ 120°, both values of cos a are admissible 
Thus if 9 lies between 60° and 120 u , there is one hexagon for 
each value of 9, with a — 0 «■ Y, and if 9 > 120° there are two such 
hexagons, [see figs. 6 (a) and 8, and further geometrical discussion in 
§9]. 



Fig 6 (a) & (b) 

7. To investigate the existence of hexagons for which a, 0 t Y are 
not all equal, we proceed as follows 

From equations (l) and (2), taking (a), ( b ), (c), into account we 
obtain, 

cos T M _ sin Y ___ 

sin a — sin 0—p sin (a- 0) (<?+ l)(cos a — cos 0) 

1 

p (sin a— sin 0) + q sin (a—#) 

Putting a + 0 » 2x and a — 0 — 2y, these reduce to 

c os Y m sin Y 

2 sin y cos x — 2 p sin y cos y — 2 (q + 1) sin x sin y 

1 

*" 2p sm y cos x + 2? sm y cos j; 

sin y — 0 i e a — 0 or (4) 

_cos_Y smjf ^ 

cos * — £ cos y * - (q + l) sin * £ cos x + q cos $ 


( 5 ) 



f 


8 Jotawu, or ttti tfuftM pttrr o# touUX 

Eliminating Y and using (*), (l), (o) we hm 
3g(g + 1) cos** - g(g + I) coe*y + 2p{q + 1) cos* cosy ■■ (g + 1)* 

.* g+l -0» e 2 + *coaS-(W • 0-12QP (8) 

or 

3g cos** — q oos*y + 2fcos*cosy«-g+l 09 

Putting a + £ for 2* and a — £ for 2ft this bseomis 

cos (« + *) + 1 cot (a- 0) + l J 

+ p (cot a + cos£)«g + l 

or P (cot a + cot 0) + g (cot acoe£ — 2sinasu>0)»l 
which it identical with equation (3) 

This it a surprising and unexpected result and means that equa- 
tions (1), (2) and (3) are not all independent, but reduce to only two 
independent equations We may, therefore, assign any value ( within 
certain limits) to one of the angles, Y say, and we can find suitable 
values of a and fi to satisfy the required conditions The polygon so 
obtained is thus continuously deformable, having one degree of free 
dom, cor re sp on ding to the co-ordinate Y 

To consider the limits within which Y may vary, let us start with 
the symmetrical position in which a ■■ 0. 

Equations (l) and (2) of (6 show that we may regard a, £ as the 
roots of the following equation in p 

p (cos p + cos Y) + g (cos p cos Y - 2 sin P sin Y) — 1 

If then the roots of this equation are equal, we find 
(p cos Y - 1)*- (p + q cos Y)* + 4 a'on’Y 

giving 

oos Y — V3 cot 4 
g 2 

or cos Y ■ ^ ft ~ ■ ft cot ^ 

g (Sg + 1) </3 2 

Nsithar of these values c oi n ci des with those obtained for cos Y 
( or oos a ) m 16, which shows that tbs form obtained tbent with 
a — 0 » Y is a distinct form and not a particular case of the dsfonn 
able polygon, now obtained The form in 16 » therefore ngxi and 
non-deformabla Now considering that values for Y must ba real, wa 
have 

cos Y -ftSS^J-^cot 9 tf60°<fi<120* 
vJ 2 

and oos Y-%/r cot| rfd>120° 
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In either case, it can be further seen that when a and 0 are post 
tive t is negative [fig 6 (6)J 

From the symmetry of the figure, we can now deduce that any 
increase of a leads to a decrease of 0 and vice versa , the correspond 
mg value of t has therefore a turning value in this position Hus 
gives therefore the limits, within which Y (or a or 0) must hey 

as ± cas | - CQ9 ^~ - cot -y- J if 9 lies between 60° and 120°, 

and ± cos' 1 (S3 cot if 6 > 120° 

If we vary Y, starting from this extreme negative position, oqb of 
the angles, a say, increases and the other decreases When a reaches 
itB mftTimnm positive value, 0 and T become equal both being negative 
If Y increases still further, 0 continues to decrease and reaches its 
maximum negative value when Y becomes equal to a, both being posi 
tive , and so on 

8 We now consider equation (6) of 56 viz q + 1 -• 0 or 
6 — 120° If we substitute this value in equation (5) of §6, we 
obtain Y — 180°, a and 0 being perfectly arbitrary The figure then 
consists of two equilateral triangles ABC, DEF with A and D com 
cident and AB inclined at an angle of 60° with DE, the pom t v? ns of 
the triangles being otherwise arbitrary There are thus two < % » f i 
of freedom corresponding to the co ordinates a and 0 

9 We shall now obtain 
purely geometrical construe 
twnsfbr such hexagons, which 
give us an insight into their 
nature 

Let ABCD be a qoadnla 
teral having AB~BC«> CD 
F — a and AC — BD — 2b 
Whether it is plane or skew, 
it can be easily seen that AB 
and CD make equal angles 
with AD Take next an 
^ exactly identical quadrilateral 
} AFED and superpose it on 
* the first If we now rotate 
6 AFED about the axis AD 

so as to make the angle 
BAF - 180° - Q, we should 
obtain the required hwgnpy 

Fig, 7 

B 
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provided angle CDE is also equal to 180° — 6, That this is so 
can be seen from figure 7, for since AD and CD are equal and 
are equally inclined to AD, BM ■■ CN ; therefore L BMF ■■ A CNE 
and l BAE — l CDE We have, therefore, that 9 being given, we 
can construct a hexagon for any angle ( within certain limits) between 
the planes ABC, ACD. In other words the hexagon is deformable 
without altering 9 . 

For the construction 
of the rigid hexagons, we 
take a cylinder whose base 
circumscribes the equilateral 
triangle BFD with side 
2 b If 9 > 60° but < 120°, 
we obtain the hexagon 
A'BC r DE f F by taking points 
A', C', E r at a suitable height 
above the plane DFB on 
the generators diametrically 
opposite to D, F, B respec- 
tively. If 9 > 120°, however, 
we can get another hexagon 
ABCDEF by taking the 
points A,C,E at a suitable 
height on the generators 
through D,F,B respectively, 

(fig. 8). 

We can also attempt to cons tract the rigid hexagon by the 
method of the last paragraph. The two quadrilaterals ABCD, AFED 
are then equal but not super posable , if ACD and AED are superposed, 
B and F lie on opposite sides of the plane. If AFED is now rotated 
through any angle, the arcs BF and CE cannot be equal if measured 
in the same sense , but they may be equal if measured m opposite 
senses, if AFED is rotated through a suitable angle. For a particular 
value of 0, there are therefore only one or two values of the angle 
between BCD and ABC which would give the required type of figure. 

10. Models to study the properties of these polygons can be very 
simply constructed by taking a number of equal rigid wires bent in the 
middle at the required angle. If the ends of these are passed through 
close-fitting capillary tubes of suitable length, we can construct these 
polygons mechanically. Two such polygons are shown in plates I and 
II. I shows the rigid type of hexagon while II shows the flexible 
type. The diagonal triangles are shown by strings of different colours. 

11. Polygons of more than six skies are not studied here as the 
degrees of freedom increase rapidly with the number of sides. For 


a’ 



PLA1F I 
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plane polygons of many sides, a reference may be made to a paper 
by Drew in the Journal of Chemistry and Industry of 30th June 1933, 
In conclusion, I have to thank Dr. T S. Wheeler for suggesting 
this investigation and Messrs. Dalai, Senior and Junior and Mr. 
Joglekar for help in making models and charts. I have also to thank 
Dr. S. Brodetsky for supplying me with a reprint of his paper. 
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THE REGULAR CONCAVE POLYHEDRA 
By Proi P. K. KASHKAR, M. A 
Wilson College, Bombay. 

A polyhedron is said to be concave, when the whole of it does not 
he on the same side of any face, and a concave polyhedron is said to 
be regular when all its bounding polygons are congruent and regular, 
all the dihedral angles (along the edges) are equal, and all the poly- 
hedral angles have the same number of faces. 

Cauchy has proved in one of his papers — " Racherchea snr lea 
polyedres" (Cauchy’s Papers, second senes, VoL 1) that if such figures 
exist then the innermost polyhedron enclosed by the faces must be 
regular and convex ; and then by examining the five convex solids 
Cauchy proves that only four such figures exist. Bnt the method used 
by Cauchy in this part of the investigation does not give a clear idea 
of the solid angles of these figures although it determines the form of 
the bounding polygons. The alternative method given in the present 
paper determines the number and form of the solid angles as well as 
of the bounding polygons of each solid and thus gives some idea of the 
whole figure. 

Cauchy’s first result that the concave figures can be obtained 
from the five convex solids by producing their feces until they meet in 
a pout or a line will be assumed Also the following theorem which 
can be easily proved. 

Theorem If any concave polygon — plane or spherical — which 
does not consist of two or more smaller interlacing polygons, has all its 
sides equal and also all its angles equal, then the vertices are 
symmetrically arranged on the circumference of a circle and the inner- 
most figure enclosed by the sides is a regular convex polygon. With 
the help of this theorem it can be shown by the method of spherical 
projection that if any polyhedral angle— convex or concave — has all 
its plane angles equal and also all its dihedral angles equal then the 
faces touch a circular cone, the edges lie on another coaxial cir- 
cular cone, and the faces and the edges are symmetrically arranged 
round the axis. Such a polyhedral angle may be said to be regular 
and the axis of symmetry may be called the axis of the regular poly- 
hedral angle. 

It is easy to see that all the polyhedral angles of a concave tegular 
solid are regular, and congruent with one another. 
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Now by Cauchy's theorem the innermost polyhedron enclosed by 
the plane faces of a concave regular solid is convex and regular and 
hence the concave solid most have an inscribed sphere. Also by 
definition all the edges are equal ; the hoonding polygons are regular and 
congruent and all the dihedral angles are equal. Reciprocating with 
respect to the Inscribed sphere and remembering that the reciprocal of a 
regular polyhedral angle In this case is a regular polygon (convex or 
concave according as the polyhedral angle is convex or concave) we see 
that in the reciprocal figure all the dihedral angles will be equal, all 
the polyhedral angles will be regular and congruent, all the edges will be 
equal and the vertices will coincide with those of a regular convex 
solid. It follows that all the bounding polygons most be regular and 
congruent. Hence the reciprocal figure must be a concave regular 
polyhedron. We have thus proved that the vertices of all such solids 
coincide with the vertices of some regular convex solid, the edges of 
the concave figure coinciding with the edges or the diagonals of the 
convex figure. 41 Also the edges at any vertex must be equal, and must 
make the same angle with the central radius to that vertex. Hence 
to find the possible types of the concave regular solids we may take a 
vertex P of one of the 5 convex solids and find the systems of possible 
edges meeting at P. 

In examining the five solids for this purpose it will be found con- 
venient to represent the corners surrounding P by points in a plane 
perpendicular to the central radius OP, the distances from P remain- 
ing unaltered. The solid is supposed to be held with the vertex P 
turned towards the observer. The vertex opposite to P is not shown 
in the figure. 

^ L In the tetrahedron there is only one 

system of lines meeting at P, and this gives the 
solid angle P (AiA*A|) which belongs to the 
tetrahedron 

As* -A* 

II. In the cube there are 2 systems of lines 
at P. 

Bi» 

A| «A| (l) PAj, PAji PAt these give the solid angle 

* P (AjAfAa) of the cube 

•P 

OgS (2) PBu PB«| PBj these are the edges of a 

*Ai solid angle belonging to a tetrahedron 

and the complete figure obtained by drawing each lines at all the 
* This may also be proved directly by the method need in Cauchy's 

paper, 
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vertices consists of two interesting tetrmbedr*. This Agon can also 
be obtained by stellatuig the octahedron. 

"A* 

III. In the octahedron there u only one 
A/ *P *Ai system and the corresponding solid angle P 
(AiAsAtAj belongs to the octahedron. 

*Ai 

IV. In the dodecahedron we get six systems of lines and the 
corresponding solid angles are 


•c,' >Bl * Bl> *c, 

•D, 

(1) P (AjAiAi) This belongs to the dodecahedron. 

(2) P (BiBjBj, B/Bj'B*'} This consists of two solid angles 
P (BiBjBi) and P (Bi'BVB* ) each of which belongs to a cube and 
the whole figure obtained by drawing such lines at all the vertices, 
cnnaista of five interesting cubes. 

(3) P (CiCjC*) This belongs to a tetrahedron, and the whole 
figure consists of five intersecting tetrahedra. The twenty vertices 
belong to a dodecahedron and the twenty faces enclose an icosahedron 

(4) P (C/Cj'CiO This also belongs to a tetrahedron and the 
whole figure is the mirror image of the figure in (3). 

(5) P (CjCjC*, C\C%C%) This solid angle belongs to the com- 
bined system of 10 tetrahedra {(3) + (4)] . 

(6) P (DiDjDj) This trihedral angle belongs to the concave 
solid, called the great stellated dodecahedron. Considering the edges 
in the plane PDiDj we see that each bounding polygon i£ a concave 
pentagon. Also the plane P DjD fc is parallel to a face of the dwtocar 
hedron. Hence there are 12 such planes and therefore the concave 
figure is bounded by 12 concave pentagons. 
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V. la the icosahedron theta are tiro systems of lines at P, each 
of which gives 2 solid angles. 


(1) P (AiA|AiA«Ai) This be- 
longs to the icosahedron 

(2) P (AtAsAiAiAj This is 
a concave solid angle belonging 
to the great dodecahedron 
which is bounded by 12 penta- 
gons (aa may be seen by consi- 
dering the edges in the plane 
P A,Ai). 

(3) P This convex solid angle belongs to the 

small stellated dodecahedron which is bounded by 12 concave penta- 
gons (consider the edges in the plane P BjBj). 

(4) P (BtBiBiBiBj This concave solid angle belongs to the 
great icosahedron which is bounded by 20 equilateral triangles (consi- 
der the edges in the plane P BiB»). 

Thus we get only four concave regular polyhedra, when the 
symmetrical combinations of the convex solids are excluded. It is 
not difficult to prove that, of these four solids the great dodecahedron 
is the reciprocal of the small stellated dodecahedron, and the great 
icosahedron is the reciprocal of the great stellated dodecahedron 

It has been stated above that these concave figures can be ob- 
tained from the convex solids, by producing their faces until they meet 
in a point or a line , but this gives some other figures also, which are 
not regular but are bounded by congruent polygons. From the 
octahedron we get only one figure which consists of 2 intersecting 
tetrahedra. Three figures (l) the small stellated dodecahedron (2) the 
great dodecahedron and (3) the great stellated dodecahedron— can be 
obtained from the dodecahedron by repeated stellation, and all of these 
are regular. From the icosahedron it is possible to obtain 19 figures 
only one of which — the great icosahedron — is regular. Some of these 
other figures are very interesting The figure obtained after the 2nd 
stellation consist of 5 intersecting octahedra, and after the 5th 
stellation we get 3 figures two of which consist of 5 intersecting 
tetrahedra and are mirror images of one another, and the third consists 
of 10 intersectix# tetrahedra. 

It is easy to construct string models of these figures by first con- 
structing stick— or wire— models of the dodecahedron and icosahedron 
and then joining the proper vertices by strings which will form the 
edges of the concave solid. 


B«* *B. 

•A* 

A,* *A» 

•P 

Bt m *B, 

Ai * * A, 


•B, 
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For constructing cardboard models however it is necessary to 
determine all the plane angles of the figure to be constructed* This 
can be easily done in the case of the 3 figures obtained from the dode- 
cahedron, but in the ca9e of the stellated icosahedra the following 
method must be used. If we take any face F of the icosahedron, then 
the other faces when produced will meet F in st. lines forming a 
certain rectilineal figure, and this figure will have some more lines 
added to it after each stallation of the solid. Hence if a and 0 are 
two icosahedra such that 0 is obtained from a by a number of stella- 
tions, then the figure on a face of a will form a part of the figure on a 
face of 0 , Now the great icosahedron happens to be the last but one 
figure in the series of stellated icosahedra and the figure on its face is 
an equilateral triangle crossed by certain other st lutes shown in the 
accompanying figure (which is interesting by itself owing to the large 
number of groups of concurrent st. lines and collmear points). 



BD, DE, EC ore taken equal to the sides of an isosceles triangle 
whose base is DE and vertical angle 36° ABC is an equilateral 
triangle. BD ■» BI “ AH m AG — CF — CE. The points are joined 
as shown in the figure. If the sides of the 3 triangles ABCs DFH and 
EGI be produced to meet one another we get the net of lines otn a face 
of the last figure in the series. All the plane angles occurring in any 
stellated icosahedron, can now be obtained by identifying its bounding 
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polygon with a part of this figure and using the methods of Plane 
Trigonometry to calculate the angles. 

Coloured cardboard models of all these figures, constructed by the 
present writer, have been placed in the Wilson College Library. 

Beautiful photographs of these and several other figures will be 
found in a German book — 1 Vlelelke and Vielflach* by BrOdmer 
which contains a large number of theorems, about different kinds of 
polygons and potyhedra, and many historical notes. For further 
information the reader is referred to this book, where he will also find 
other references. 



THE CLASSIFICATION OF INTEGERS 
By D D KOSAMBI 
Fergutson Collage, Poona. 

In dealing with number-theoretic operations! we find certain 
operators extensible to continuous variables, and some for which no 
immediate extension is to be seen from natural numbers to the conti- 
nuum. Here, I consider an operator of the latter type, and show its 
uses in classifying the entire scheme of positive integers. This note 
also propounds a problem, or rather many related problems without 
giving explicit solutions. In some cases, a good deal has been dis- 
covered about the answers, whereas the expert technician will have no 
difficulty in recognizing that the rest are practically insoluble in our 
present state of knowledge regarding the theory of numbers 

1. For any positive integer «, we define the operator 

K [»] — The sum off all factors of ft including unity, but 
excluding n itself. 

Thus. K[l] — 0 K[2]-K[3]«-KM-1 p any prime, 
K [2* ] ■■ 2* -letc. 

A first classification of the numbers can be effected into, 
abundant numbers K [ft] > n 
deficient numbers . K [ft] < n 

and the boundary class, usually included with the abundant, of the 
perfect numbers K[n] — ft. The problem of the distribution, or 
rather the proportion of these, has been attacked with some success, 
with the knowledge that the deficient numbers form slightly more than 
a half of the total. As the multiples of any abundant or perfect number 
are also abundant, a more essential problem is the number of primitive 
abundant numbers, one to which Dickson has made several most 
brilliant contributions 

It is seen that K [n] — m regarded as an equation for ft, given m, 
has not always a solution , as for example, m — 2, 5, ... . Again, the 
solution whenever it exists, need not be unique. 

2* The operator K [ft] may be repeated . 

K [K [ft] ] — K* [ft] and so on. 

If K r [ft] “ 1 then r is defined as the da** of the integer ft. 
The class of unity will be defined as zero from the outset, and it will 
then be the only number m its class. Whereas every integer has 
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another derived from it by the application of the operator K, not every 
integer has a class. For instance 
The perfect numbers K [«] — n 
The amicable numbers K [n] — ■ m K [m] — n 
We shall call numbers of this type cyclic numbers, the cycle being the 
least value of s for which 
K* [«] -n 

holds true. The members of the cycle are then given by 

K[«] K*M K»M K*- 1 M 

I do not recall having seen any discussion of numbers of cycle greater 
than two. 

There is still a further possibility of numbers without cimw . the 
numbers of class or cycle infinity. By this is meant numbers n, if any, 
such that for every a, another b exists to satisfy the inequality . 

K* [»] < K‘ M 

3. The problems arising out of this classification may be viewed 
tn bloc : 

1. What is tiie nature and distribution of the integers m which 
cannot be derived by an operation, t.e., for which there is no n satis* 
tying 

KM -m 

2. When are the solutions of the above equation unique, and 
what is the maximum number of solutions possible for such an 
equation? 

3. Are there numbers in every class, and how many? For 
instance, prunes are integers of class one, and known to be infi gift * m 
number. Here, we query whether 

K r M -1 

has any solutions for a given r and the number of these. 

4 Do there exist numbers of any preassigned cycle : are there 
solutions for every s of 

K* M -» 

and how many sets ? 

The questions 3 and 4 concern the existence and number of solu- 
tions of simple operational equations ; the general problem is too vague 
to be of interest at present 

5. Are there numbers without class or cycle? 

6. Are there integers of mixed class and cycle ? i. integers 
which, after a certain number of operations, reduce to a cyclic number. 
[These can be shown to exist, as for example K [25] -*6, K[6] »6. 
This also shows the non-uniquen e ss of the solutions of operational 



20 


JOURNAL OR TIE PNlRMMTY OR BOMBAY 


aquations]. Are there Integers of the mixed type for awry class and 
every possible cycle ? And what is their distribution f 

7. The integers being written down In their order, what is the 
distribution into classes and cycles ? In the set 

1, 2, 3, 4, 5, N. 

how many classes and cycles are there represented, and what is the 
number of integers In each class and cycle represented, under the limit 
N ? How many mixed integers are there under the limit ? 

It should be noted that this is a generalization of the classical 
problem regarding the distribution of primes. It may be hoped that 
the two supplement each other, and that some light will be thrown in 
the near future on the more general problem as related to the older 
one. As stated, this may be called the problem of the classification of 
integers. 



THE RESISTANCE OF A SPHERE DUE TO ITS 
UNIFORM TRANSLATION IN A VISCOUS LIQUID 

By D K SEN 

R ajar am College, Kolhapur, 

It has been demonstrated by experimental investigations 1 and 
by theoretical considerations 1 as well, that Stokes's law can only give 
a rough value for the resistance experienced by a sphere as it moves 
uniformly in a viscous liquid. The main object of the present paper 
has been to determine an expression for the resistance which would 
have a larger domain of validity than Stokes’s formnla. It may be 
remarked that the formula obtained in this paper has its limitations 
but it is believed that the range of its applicability is larger than that 
of any other corrected form of Stokes’s law. An attempt has also 
been made here to suggest an approximate form of the complete 
equations of motion, which would be valid at infinity. 1 


1. General Transformation 

Suppose the sphere to be moving with a uniform velocity U m a 
direction which we take as the axis of x. Since the motion is taken 
to be steady the complete equations of motion referred to a system of 
parallel axes moving with and through the centre of the sphere, are 



together with fj+f~+f;-0, (2) 


where w, v, w are the components of the velocity and p the pressure 
at any point a the liquid whose co-ordinates are (x, y, z) referred to 

1. H. S Allen, HA Mag, 1900, pp 323-338 , H. D Arnold, Phi Mag* 
1911, VoL 22. 

2. CW Otoeo, Arhe f. Met Astro, otk Pjt., Bd fl, 1911, H Lamb, PhL 
Mag, Vd. 21, 1911 , R. W Burgees, Amtr Jour of Math, VoL 38, 1918. Also 
see Lamb’s Hydrodynamics, 5th Edition. 

3. I would like to express my thanks to Dr. Gaheab Prasad and to Prof 
C W. Oaeen and Dr. H, Faxen (of the University of Upaala, Sweden) for their 
kind and valuable criticisms and suggestions during the preparation of this 
work. 
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the moving axes, v (— p. /density) the kinematic co-efficient of visco- 
sity, and X, Y, Z the components of extraneous forces. Since the 
vortex lines must be circles having the axis of x as the common axis, 
we may assume 

«- 0 , (J) 

where X is a function of x and s> (“ + ** ) only, and 

± Bw Bv _ dU'—dw r Bu /.\ 

By Bz 9 ^ Bz Bx* ' Bx By * 

From (3) we get ^ , and so we further assume 

(5) 

/being, like X, a function of x and o>. We then get, from the other 
equations of (3), 

Bu_ gy ax 

Bz dx*8z Bz 

0y 1 

which are obviously satisfied by 

The equation (2) then gives 

-i* + 9£ + JBL + JSL m „■ 

whence we have X * V*/. (7) 

Thus m, v, w are expressed in terms of a single function / which 
contains as we know, x and u> only. This may be furth er simplified 
by assuming that/ is a function of x and P { * v'P+uF). It may be 
noticed that this function is tacitly taken to be continuous and its 
derivatives, upto a certain order, to be existent 

If the extraneous forces have a potential, we can obtain from (l), 
by cross-differentiation, the following. 

-**(!>• « 

This then is the equation from which the function / is to be deter* 
mined. 

2. Objections to the Previous Remits. 

Stokes's results could be obtained from (8) if the left-hand side 
be neglected altogether ; that is, if we take 

Dl/W\.n — T7* V _n 


vf^-OorV X-0, 


( 9 ) 
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ey 

instead of (8), as oar fundamental equation. The eolation of — — — o 

ia for obvious reasons. The simplest solution of (9), compatible 

with the condition of rest at Infinity, is 


X- — 
* P 

Taking/ to be a function of P, we get 


or 


vv-f. 


whence 


p* + 2p iL - op, 

d? j? ’ 

/- j +i«P; 


leading to _c d , / d_ _ _c \ j 'l 

2P P* \ P» 2P»/ * I 

§i)*» 


( 10 ) 


The condition of non-slipping at the surface of the sphere ( P ■ a ) 
requires that 

c - - f U*. d = -1 Ua\ (11) 

Prof. Oseen 1 has shown that although this solution of Stokes 
holds for points near the sphere, it is not valid at points at great 
distance from the latter. The reason advanced by him is that the 
ratio of the hypothetical constraining forces to the viscous forces is of 
the order UP/v which becomes infinite with P ; hence it would not be 
justifiable to omit altogether the terms on the left-hand sides of the 
equations of motion for the region far removed from the sphere. The 
modified solution given by him satisfies the equation (8) when all the 
terms on the left-hand side, excepting the one involving U , are 
omitted. 

This modified equation, which we may name (8 A), can also be 
obtained from the following considerations. 1 Consider the term 

ft 

(m— U) at points very near the sphere (u— U) is quite small 

ox 

and hence the neglect of this term may be justified here. But at 
distant points ( m—U ) is not small; in fact, it tends to — U as we 
recede farther and farther from the sphere. Therefore for the region 
far removed from the sphere the equation can take the approximate 
form (8 A). 

Now as the value of u ranges from U to zero, it is obvious that 
there are points at which («— U) neither assumes a value negligibly 
small nor a value which differs from — U by a very small quantity; 


L Loc. dt. 

2. Cf. Burgess and Owen, loc. dt, 
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its value at these points can rather be denoted by “ UX, where X is 4 
proper fraction, and the equations of motion have here to be suitably 
modified The form (8A) does not hold here. 

Again, the equation (8A) can be obtained from (1) by omitting 

terms * • from the left hand sides As u has values rang 

cx 

tog from U to zero, it would not be reasonable to take terms like 

a 

— U “ into account whilst neglecting terms of the same order of 
ox 

magnitude (for some points at least), vis u , etc 

vx 


Thus we see that while the equations Stokes started from are 
true for points very near the sphere and those considered by Prof 
Osoen (and also by Prof Lamb) for points far from the sphere, no 
provision has been made for the intermediate region Prof Lamb has, 
however, shown that the latter results can, to a first approximation, 
be applicable to this region also In order to include this domain into 
our considerations we must take the compute equations of motion 
3 Consideration of the complete equations of motion 
We have seen that the complete equations of motion (l) can be 
reduced to a single equation (8) involving only one unknown function 
/ This equation cannot, however, be solved completely, but it is 
possible to obtain approximate solutions by a process of successive 
approximation We shall put k a U/2v, as has been done by Prof 
Lamb 


As/o> where V*f 0 ~ 0, also furnishes a solution for / we can put 
u * « 0 + tii v « v 0 + v r and w = w 0 + w f (12) 

for our complete solution, u Q Vo, w 0 being derivable from f 0 The 
condition of rest at infinity requires that 


M# " Co ^( 1 p) +e, |?(p) + 


(13) 


We propose now to obtain approximate solutions of (8) in the ease of 
slow motion, that is, when lut is a small quantity For a first 
approximation we shall neglect all terms involving second and ht gh— 
powers of ka We assume that J B f\ + f b 


where 


/i - a"** [Ao(l + *P) + A,*] 
/. - e -2 * P [ B« + Bi* ] , 


and 


( 1 +) 
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the A’b and the B'a being functions of P and the B'a being dependent 
on the A's satisfies the equation (8) to the first approximation For 
the sake of convenience we shall denote by «i , r»i , »i , Xj , the values 
of u , © , v> , X , derived from f\ and similarly for others Also, by 
Da the operator 


v ■» dx 'Jy r 0* ^ dy 

We do not purposely take into account such values of f ( except 
— feP 

fe) which do not possess c as factor, since it can easily be shown 


that they furnish velocity-components which are incompatible with the 
condition of rest at infinity For the same reason we take it that the 
unknown functions of 9 , t nz Ao , etc , do not contain any exponential 
factor , in other words we shall treat them as polynomials only 

The form of Stokes's solution leads us to assume farther that only 
ci and the function Ao include terms free from k . The values of these 
functions can be derived from the equations we would obtain by 

-JfeP -2ifeP 

equating the co efficients of e and e from the two sides of 
the equation (8) when the presumed solutions are put in Substitute 


(12) and 

(14) 

in (8) we thus get to 

this approximation 




( v,+ a fo)' 


D 0 Xj , 

(15) 

and 


(v + a 5 «) 

«• - 
dy 

D 0 X, + DiX, . 

(16) 

The equation 

(15) will hold if 





F 0 " A„ 

- 0 , 

# « • 

(17) 



F" A, 


(18) 

where 

r„" 

_ d» . 4 («+l) d* 

+ 4 -^ 

l) d 3 12«(»+1) d* "I 


dP» P dP 4 

pr 

dP* P* dP* 






. 12» (»+ 1) d i 

P* dP 1 

•(19) 

and 


_ 1 d 4 , 2»+l d® 

_6 (n+l) d* j_6(«+l) d 



P & P*“ dP 1 

P* 

dP* P* dP J 



These equations are satisfied by 


A® ■ ^ + a*P , (20) 


a®* Al “ f + % “ * a * k? + Jjfr » • • (21) 

the a's bee constants The equation (16) then gives 

F 0 " 3d - 0 (22) 

D 
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and P*Ft > Bj ■ ^ (^, “ ft) ■ • • (23) 

whence B 0 "0 and Bi» — j- — 2a% log (kf) J , 4 (24) 

From the condition of non-slipping at the surface of the ephen 
we next obtain 

c 0 “ 0, «i+c b ■ — JUa\ o* * — i Ua. 

«»■ - ^ Ufto*, a*— c*“ - ™ U ho%. 

Thus we see that we can safely pat c 0 ■ ft » c* ■ 0. Hence the sub- 
sequent values of the constants, vis 

«i“ -iUa», at m -i U a,at m — ~ UAo\ a 4 =» — ^ UAo*, (25) 

lo Id 

load to 

[(1+H>) {(?T +1 ^) + *’( ? F- l W)} 



and similarly for to. 


4. 7A« second approximation. 

We next carry the calculations to the second degree of approxi- 
mation by retaining terms involving the second power of ha. We 
begin by assuming our solution to be 

/-/i+/«+/i (28) 

where A - •“*[(£+«,?)+ (f- + ^ “ la^PV+Ao+Ajx+A^], (29) 
/, - t~ W [ { ^-2o,kg (#>) j & +Bo+Bi*+Bi** ] (30) 

andil-e^fCc+CirfC^* ] (31) 

the A’s, the B's and the C’s all having A* as factor. As before, we 
take it that the values of the functions B and C depend on those of 
A's, Following the procedure of the last article we get 
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A, -& + &*+**»- J£-JLu*fcP»; 
At n -)- k* I ft. P»— * U*V 

At p T p»+ 16 ’ 


. . . (32) 


d» B.-UW[|flo,tf-i^l=,«>+i^]i 

Bi - U**a’[ - | fkgif ] i 

ud c,- u ^* [ C — 5I0 p 1 ^ *os *<* — gyj pj s 

C,.0iC,-U*V[g !+(!£+ 

The values of the constants satisfying the boundary condition at 
the surface of the sphere can now be easily found to be 

*■ - -S 0 * ,a ‘-2M U ‘’“‘ k * fc,; 

** ' "a jjj&raw-gwvkgi., 

ft* “0;ft 4 « -§UAV, *• - | U**« a ; 6.-0; 


M33) 


f 

(34) 


A, - ^rUtfo'-^UAWlagfc*, 

8960 70 

&> - ~Q U *V-^ u *Vl°g*«. .. . (35) 

It may be noted that the values of u, v, w, thus calculated contain 
oftain terms involving log (kP) as factor This makes the correspond- 
ing terms assume the indeterminate form OX <* when P is infinite; this 
does not, however, impair the condition of rest at infinity since the 
ultimate limit of each of these terms is zero. 


Using the values obtained above we find that, m the absence of 
extraneous forces, the resistance experienced by the sphere is parallel 
to the axis and is given by 

R- -6*JiU«[l+{§2£+^logfe*} AV] (36) 
Thus (36) represents what Stokes’s law should be opto this approxi- 


The method indicated above can be employed with success to 
Obtain batter results, that is, upto higher degrees of approximation, 
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5. Comparison with experimental observations. 

In order to find within what limits the formula (36) is applicable 
I have used the results given by Arnold (loc. cit) in Table II of his 
paper. Arnold’s experiments, however, were carried on with small 
spheres falling in a liquid contained in a long vertical tube. In deriving 
the formula (36), on the other hand, we had assumed that the liquid was 
infinite in extent. In Arnold’s experiment the condition of infiniteness 
is to a certain extent maintained on account of the relatively large size 
of the cross-section of the fall-tube (m comparison with the radius of 
the hilling sphere) used by him , but the liquid in the tube cannot, in 
the strict sense, be regarded as infinite. It has been shown by Fax6n 
tha t the effect of the presence of the walls of the tube is to increase 
the resistance by a factor whose value depends on kr, where r is the 
radius of the cross-section of the tube, when k is small enough. The 
resistance calculated from the formula (36) derived in this paper should, 
in these cases, be less than the actual resistance experienced by the sphere. 

Now if a sphere of radius a and of material whose density is o be 
falling in a liquid of density d under the action of gravity, the force 
which accelerates its motion is given by 

- r ~ (o-d)fi (37) 

In the case of steady motion this force will be just balanced by 
the resistance of the sphere due to the liquid. Thus we get a criterion 
for testing the degree of accuracy of the various formulas. I shall also 
be giving, in the succeeding Table, values computed from the formula 
of Prof. Oseen, viz. 

R = — 6 ir fi.Ua (1 Hka) (38) 

Again, since the formulas (36) and (38) refer to the terminal velocity 
and since m the following computations the values of U used are taken 
from the experimental observations which are never greater than the 
terminal velocities, it should be expected that the values calculated from 
these formulas would be less than those derived from the formula (37). 

The validity of the formula (36) is apparent from the Table if 
we consider that it gives values sufficiently less than those obtained 
from (37). Prof. Oseen's formula appears to give more approximate 
results than (36), even when a is as large as ‘0704 , for this case ha 
is sufficiently large and such agreement leaves a doubt in one's 
as to the validity of his formula for such big values of a at least. For 
low values of a, however, the three formulas agree to a very /• lo se 
approximation. 

Proceeding to the next higher approximation, I have 
the expression for the resistance and have found that it co pw t f of a 
term of the form 



THE RESISTANCE OF A SPHERE 


29 


— 6 «■ |t Ua [a+0 lag ka] &a l • Ml (39) 
in add itio n to the expression (36). The values of a and 0 are 7*49 and 
2*54 approximately. It has been found that this term produces no 
perceptible change in the values given in the Table upto « = *0329. 
For the r emai nin g cases the increments are : 

•001, *003, 003, 004, *020, *059, 078, *100, *171, 310, *655, *837, 
•921, 963, 1 195, 1 751, 2 223, 4 087, 5 067 

respectively. It may be noticed that, for the last two cases only, this 
causes the value of the resistance to exceed that in the third column 


This discrepancy is, I think, due to the fact that the radii of the 
spheres in these cases are too great for this approximation, and would 
disap pear if terms of higher orders are brought in. 


a 

ka 

Resistance calculated from 

Formula (37) 

Formula (36) 

Formula (38) 

•00651 

0005 

■ 

•00972 


•00912 

00132 


0263 

•0263 

•0102 

•0018 


•0365 

0366 

•0104 

•00194 


•0387 

•0388 

•0190 

•0114 

248 

227 

229 

•0200 

0135 

•289 

•268 

•271 

•0208 

0156 

325 

•310 

•313 

•0252 

0257 

•579 

•511 

•521 

•0301 

■0438 

986 

•868 

•899 

•0310 

0476 


•944 

982 

•0329 

•0567 

1 288 

1*123 

1*177 

•0372 

•0798 

1862 

1 576 


•0400 

•0991 

2 315 

1954 

2-119 

•0403 

•101 

2 367 

1-996 

2168 

•0408 

•106 

2 456 


2 267 

•0462 

•143 


2 814 

3141 

•0497 

•177 


3 466 

3 981 

•0510 

•187 

4 798 

3 668 

4*241 

•0515 

197 

4 940 

3 866 

4 498 

•0538 

•220 

5 632 

4 326 


•0562 

■2503 


4 938 

5 916 

•0594 

294 



7151 

•0609 

3105 

8 169 


7 619 

0613 

317 

8 319 

SmXfxImml 

7 813 

•0619 

•320 

8 579 

1 6 429 

7 905 

•0630 

•336 



8*367 

•0644 

•365 

9 660 


9 266 

•0688 

•385 


7 953 

9883 

•0690 

•441 

11883 

9 605 

11692 

•0704 

•467 

12620 

10*161 

12-560 


It may be added here that the radius of the fall-tube was *547, so 
that one may compare this to the radius of the falling sphere* 
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8. M. SHAH, M.A. (Lonl),F.R.A.S. 

Utultm University, Altpttrh. 

I. Lot 4 («) denote the number of " Unkurzbar " fractions 

( the fraction , 1 is called “ kurzbar ” 

' n 

1 <b<* \ 

if (a, b, n) >1, " unkurzbar ” if (a, b, n) ■ 1 ) / 

It is known that 

*(«) .... 

if n - ** ** . . . where p, q,r ... . are different primes. 

It follows that if/(«) ■ ^ ^ then 0 < /(») < 1 
We propose to prove . — 

•Th. (l). Every point of the interval ( -jp , 1 j is a limiting point 

of the set of points/ («). 

(a) Let pr be the rth prime then 

fipr) “ *» | p? | •* 1 as r -* to 

1 is a Limiting pout of the set of points/ («). 

(b) Let nr = pi p% .... pr, Then 

/(«•■)-{ 1-i} I 1 -i} { 1_ p-} 

This product tends to^-^j" as r -» «, 

Where { (a) denotes the Zeta Function of Riemann. 


-j is a limiting pout of the set 


(c) Let — | < p < 1 


0 < e < p 


_ 6 


* For a similar method applied In a different problem, see a paper to 

Dr. T. VUsyanghvan, L M. & Journal, VoL XU. p. 96 , 
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Wo prove that a number N exists such that p— * < f (N) < p (l) 
from which it will follow that p is a limiting point of the set / (»). 
Choose a prime number Pi so huge that 

Pi* > 7^7 Pi* > * (2) 

i—p e 

Let P* Pfc • • • • be the prime numbers in order following P t . 
Consider numbers Ni, N* . . . . defined by 

Na ■ Pi P* • • • • Pa (m“ 1| 2( • • • • ) 

Ttan Jj) 

Aleo/(Ni),/(Nj) .... form a decreasing sequence. 

Further /(Ni) ■ 1— ^ >1— (l-p) m P from (2). 

.*• If none of the numbers N|, N», . . . satisfy inequalities (l), 
there should exist an integer ft ^ 1 so that 

sm>p . . . 

In this case we have 



But Phi >Pi Pi* < ~ 

which contradicts second of inequalities (2). Hence a number N exists 
which satisfies (l) and the theorem is therefore proved. 

2. Let V («) “ number of 11 kurzbar " fractions 

Then V (») - *•-»* ( 1-^) ( 1-ij) . . . 



■ -f 

USL 544.0 

and by Th. (1) we get the result that every point of the interval 
(o»l--~l)is a limiting point of the set of points ~^* 

3. Let an ■ 



n 
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00 

Then 2 -7 - F (a) is convergent for a > 1 when a ■ o + it 

n - 1 n 

Hence by a well-known Theorem (Landau Pnmzahlen VoL I Page 
115) we get 

_ N 

11m («— 1) / (a) < lim 2 a* 

s-1 N - 00 w- 1 

N 

N 

lim (a— 1 ) S (a) > lim 2 a* 
gm N - »«-l 


Now 2 


Gn 


N 

C (a) 


m ~ 1 «' V ( a + 2) 
and (s-1) ^ 2) - ^ 


We hav e _Lim 

N 

2 

»■= 1 

4(n) 

»* 

N *=* 00 


N 


N 

2 

* («) 

Lim 


f? 

« — 00 


N 

prove, below, that 



Lim 

N 

2 

ft = 1 

®(») 

"ft* 

N“oo 


N 


cw. 


C(3). 




Let a 

be any 

real number 


N 

2 

®j«) 

- 0 (1) 

if a > 3 

ft-1 

w* 



N 

2 

»=1 

«(«) 

»* 

H 

+ 

0 

(l) if a«3 

N 

2 

n-1 

$ (») 
»* 

N 3-a 

" (3-a)C0) 

+ o(N*“«) rfao 


Th (2) 
(<*) 

(b) 

(c) 


Proof 

(a) a > 3 

l • W < s . _ _ 

»=i »* «-i « a 2 «- 1 ft *” 2 


00 


< 2 1 -0(1) 
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(6) a ■ 3 

We have ^ • (<!)« n* 

■ ftft* J “ *’ dh 

i ta. - i »•-. * 

»-ln* »-l *i n dP 

. S tM 

rf*sN 

. { in Rl , 

d-1 * . "■ 


x 

*.<N 




Now 1" + ? + 


. m 


* r «•-* w 

a- 1 d* * . *" 

W “ I 

• +*- ^r +0 <^ +l ) 

- Idg« + 0(1) . . if>--l 


\ L ^ J «. 2 “ a -Iog[N] + 0 (l) 

wi™ 1 

- J log N — log d + 0(1) } 

. iii - J t»N-k»i+0(l)} 

- k»N s HM-- s + o ( s RM) 

d m 1 * d= 1 d 'd-1 <** ' 

- log N X - log N X + 0 (1) 

d-1 * N+l * 

since X l 1 WjpSA ^ j are both convergent 

- + 0 (1) 


(o) a < 3 
We have from (3) 

X „ 


X J iM 

d-1 ^ 


Lf* J m 2_ a 
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Whore 


[ a ] 2-« _ 1 rN-l 3 N 3—a 

S " hH + ° ^ 


. 1 /N v 3_a , N 3_a 

—.(t) ♦*[ 7 =;] 

I *M- § J 1 Npft^l+o f N 3-«? l] 
«-i *« d-i L 3- * i 3 -* J i 

. i tM+„( N 3-«) 

(3 — a) jmi & ' * 

_ N 3 ”* 1 . _ / m 3— a \ 

75=3 ns ' > 


5. We have V (») + ® (*») - «* 

s v J aL + j - i » 2 “* 


*■1 «® 

•*• Wo get from Th. (2) 

s *M . od) 

««1 ** 

s HsL.1,1, 

» m l n * 


*i ■ 1 « ■ 1 

if a > 3 

1 “ >r /,t \ +0(1) if 1"J 


S - logN ji_ 1 j +0(1) rfa-3 

f*-l „« { C ( 3 >J 

lT -^{ l -w}-<“ 3 ") 

if a< 3. 

6. We note that for every n ® («) > V (») 

F0r " 0”^f) ( 1- ^i) do-#*®*... 

And^- 

Now ( 1— i) ( 1” A) > U- for every* 


\* \* 

••• •’(■-sX'-i)-' 


(l-^)(i- L).... 

* (») > V («) 



•on an asymptotic formulae in theory 

OF NUMBERS 

By 

8. M. SHAH 

Hualtm University, Aligarh. 


Let r, (x) denote the number of numbers less than x and which 
are products of two different primes. Landau has proved in his “Hand- 
boch Dor Lehre von der verteilung dor Pnmzahlen " (Page 208) that 

..M^sJaJue 

log X 


I propose to prove that 





where B is a constant 


■ lim 
*■ 00 


{#<« } 


£ w 

P<^x 


ip) ** 



Proof ^ _ 

(«) If V* is a prime, let pa ■ V* where p* denotes nf* 


prime 

Then T * (p) m w (2) + + * ip* 0 

P<^x 

- 1 + 2+ (»-l) 

m n (n- 1 ) 

2 

Now r (V#) - r (P») - n 

n ** Z <Jjt by prune number 

log* Theorem. 

and hence the required result 


* I aa much Indebted to Dr. T. V lja y ai ag h iw m for yalaaMa sagpeeHeps 
ip preparing this paper. 
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(b) LHpm < x < #*+» 

Then I (p) ■ * (2) +...+* W 

fi<V x 

- I+2+. . . +. -1^ 

And since «■ (v'jJT’) * * (£•) “ * 

we get the result as before 

’Lemma 2* 

Pntf 

Let F («. *) 

Then we have 


-.Jqg“ r 

w (log *-kg «) 


for 2 < «* < V* 


(1) F(«,*)>0 

(2) F (s;j) u decreasing in the range 

bs*» 2 ^ m < V* . and * constant 

for F («, x) m 1 

log m w (log*— Log tt) 

Let y “ y (») ■ m (log * - log u) 

Then m log * - tog a - 1 > 0 

du • 

ior2<*<'/x 

y u increasing and hence is decreasing in range 

log u 


2<m< </x 


and I 


( 3 ) Fj^ . _1 - o(1) 

log 2 2 (log*- log 2) 

^ . u 


da 

: x-log a) 


, (Hog* ds 
J log 2 log *-* 

, us feggr frfl 

♦ log* 

' fog 2 + log log * + log ( i-isll.)- log logs 
' log 2 + o (1) 


• fo proving this lemma, in Mtowdoedj the method «l A* theorem «o 
page 203 otHudtach. 
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... mA .{/'* 


Now /(*)«£log£-* + *a(*) 

$<* 

Where a (*) ■ o (l) 

J Iau5 rm l ‘ ''P iJ^Lz L ^L _ 

t<>/x 2 » (log*- log «) 

1 , «■ (■)-(.-!). k-1) 

2 m (log *-log n) + 2 » 0og *“log n) 

[V*l 1 ^ I 

| « (log*- log ») + ^ ^ i » (log *- log ») 


(«+l) (log 


jg *■*•+!) } 


NOW by (1). (2) and (3) 

win 


7) OogM-iog [vji) 


„«2 »0ogx-ken) + 2 (log XT- log 2) 


-r vr - 
; 2 ■ 


[kg*— l 0 g») + 0 *|/ 2 H (Iog«-logw)| 


■ log 3 + P (1) 

Farther tor all w ^ w ■ w (3) 

| • (m) 1 < h 
. * . For all * > w + 1 

'MT3-1 f . 

£ «•(*)■}—* r 

n t m flocr*— k» m 1 I~j. 


i «.(.)}__ i j i 

U-2 U0og*-log») (*+l)(log*-log»+l) J 

+ • ( W) (togj-fci [ Vjr ]) I 

(V*]-| f 1 1 

< °(l) + if v » \ * (log*- log »)"(«+ 1) (log«-log„+i) J 


Wx] . 

* * » (log*- log*) + 0 ^ 
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M 


m, /?7K£sB 


since ® can be taken to be arbitrarily small. 


. Z - 

p<wr * 


1 7-fc«ii" h,a + oW 


We have 

*»(*)■ Z _/(p) 

P < ^x 

where J (p) denotes the number of numbers less than x, and which an 
products of two different prunes, the less of which is equal top. 


Since /(p) — '("T") - r (P) 


r$ t 


C*) - 1 9 (f ) - S v (p) 

P<^7 P' p<^ — 

Now by Prune number Theorem. 


-( 1 ) 


p<^/* * (y)“ p<^/— p(logx-logp) 


+ 0 { P<V* *0ogx-kgp)* } 


Z» 

Now p<V* 


+ Z* 

logp < Hog* 


2 


log x- logp log* 


••• 


^ " *p<^i" #0°8*“ lo 8^) 

■ 1§^ { 108 108 ^ +B+ 0 W } 

+ 2+0(11 1 » L — * 2 

"e|t{ - 1o ‘ 2+Io,Io, * +b+1 ° ,2+o(i * } 

" IsM logl< ** + B + o(1) } W 
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By (1) ( 2 ) and (3) and by Lemma (1) 

«■*(*) ■ ~~ |logk>g*+B+o(i) +o(l) +o(l) | 

. « log + _§*_ + © 

log* log* 'log*' 



AN EXPERIMENTAL INVESTIGATION OF DILUTE 
LIQUID AMALGAMS OF THE ALKALINE EARTHS WITH 

SPECIAL REFERENCE TO THEIR ELECTRICAL 
CONDUCTIVITY, VISCOSITY AND DENSITY 

By 

G. R. PARANJPE and V. 8. PATANKAR 
INTRODUCTIO 

Recently a number of workers have studied the effect of concen- 
tration on the physical properties of dilate liquid amalgams of the 
alkali metals, and their endeavours have thrown some light on the 
constitution of these amalgams. Thus Bhatnagar, Prasad and Maker jee 1 
have investigated the surface-tension of liquid amalgams of Sodium 
and Potassium at the amalgam-benzene interface. Bhave* has studied 
the viscosities of the same amalgams. While Hine,* Bohariwalla, 
Paranjpe and Prasad , 4 and Evans Davies 1 have studied the electrical 
conductivities. 

Unlike some other amalgams, the liquid amalgams of the Alkali 
metals do not follow the mixture law. The physical property-concen- 
tration curves of liquid amalgams of the alkali metals, however, show 
marked discontinuities at definite concentrations. 

These discontinuities have been attributed by some to the forma- 
tion of compounds or complexes, while others supporting the cdloid 
hypothesis explain them as due to the sadden appearances of new 
phases. Bent" in a recent publication has however shown that the 
evidence in support of the colloid hypothesis is not conclusive. 

Information regarding the liquid amalgams of the Alkaline earths 
is almost totally lacking. Only a few workers like K. Borne mann 
and G. V. Raushenplat' have determined some of the physical pro- 
perties, but they confined themselves to one or two concentrations 
only. 

It was, therefore, considered desirable to the effect of 

concetrationson the physical properties, such as electrical conductivities, 
viscosities and densities of these amalgams. 

Before, however, such an investigation could be undertaken, 
it was necessary to determine the effect of time on the physical pro- 
perties of these amalgams For in a recent note by Paranjpe' it la 
pointed out that the viscosity of liquid sodium amalgams decreases 
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with time and that a men mechanical agitation in sufficient to restore 
the Initial value. 

The results given later on show that no such changes take place in 
the electrical conductivity and viscosity of the amalgams of the alka- 
line earths, and it Is possible, therefore, to investigate the effect of 
concentration on the physical properties. To observe the various 
stages that amnlgnmn undergo on change of concentration, the compo- 
sition of the smalflama have been varied by very small amounts of the 
amalgamated metaL 

Next, an attempt has been made to verify the theory of electrical 
conductivity of liquid amalgams put forward by Skaupy." From our 
experimental results, as well as those of two other workers from this 
laboratory — Bhave' and Bohariwalla 4 — are calculated certain quantities 
which are of importance in the theory of Skaupy. 

Lastly it is shown how the view, taken by Lewis' regarding the 
constitution of amalgams, helps to explain satisfactorily, the behaviour 
of the liquid amalgams of the alkali metals and alkaline aarrtia. 

EXFERIMENTAL 

The general experimental arrangement consists of the following 

(i) The preparation of dilute liquid amalgams of the alkaline 
earth metals of the requisite concentrations. 

(11) Determination of the concentrations every time before and 
after the measurement of the physical property under examination. 

(m) Measurements of the different physical properties, viz. 
(a) electrical conductivity, ( 6 ) viscosity and (c) density. 

The difficult nature of the problem is evident from the fact, that 
the alkaline earth amalgams are even more unstable under ordinary 
conditions than the alkali metal amalgams, and get oxidised very 
rapidly in air, especially when the latter is moist. All the operations 
had therefore to be earned out under an atmosphere of an inert gas 
like nitrogen. 

I . — Preparation of tht amalgams. 

For the preparation of the amalgams the electrolytic method of 
T. W. Richards 19 was employed. 

As the carbonates of the alkaline earths are very imwdnH f, 
rated solutions of chlorides were employed as the electrolytes. Extra 
pure Merck’s chemicals were used throughout 

Each tune the same amount of mercury and the electrolyte was 
taken. The current strength was maintained at two amperes in all 
preparations. The different concentrations were obtained by varying 
only the time of electrolysis. 

The amalgams thus prepared were cleaned, dried, and stored In 
an atmosphere of pure, dry nitrogen ( Cf. Bhatanagar and others 1 ). 

F 
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Thus Banam amalgams with concentrations varying from 0-04 to 
0 36 grams of Barium per 100 grams of amalgams ware prepared. 
After attaining a concentration of about 0*36 grams % of Banam, the 
amalg am showed signs of solidifying and hence no higher concentra- 
tions were attempted. In the case of strontium amalgams the concen- 
trations were varied from 0 05 to 0 44 grams % of Strontium In the 
case of Calcium amalgams it was not possible to attain concentrations 
higher than 0*023 grams % of Calcium, for after a certain time of 
electrolysis, increase in the time of electrolysis was not effective in 
increasing the concentration. The amalgam seemed to decompose as 
fast as it was formed 

For every experiment a fresh amalgam was prepared. 

IL Estimation of the concentration : 

( Estimation was done by titration. ) A detailed account of the 
method of estimation is given by Bhatnagar and others. 1 

( Phenolpthalene used as an indicator gave an end point within 
0 1 C.C. of hydroxide Thus using a 15 gram sample of amalgam, the 
probable error varied from 1 0 per cent for very dilute amalgams to 
to 0 2 per cent for amalgams of higher concentrations Every time 
duplicate analyses of the amalgams were made and the difference 
between them was never more than 0 5 per cent. ) 

III. The apparatus and the method of measurement : — 

(a) The electrical conductivity — The electrical conductivity of 
amalgams has been measured by Bornemann and Muller, 11 Hine,* 
Williams, 1 * T. I. Edwards, 11 A. L Johns and E. J. Evans, 14 and 
Bohan walla and others, 4 by the potentiometer method. 

The same method for measuring the conductivities has been used 
in this investigation and a full description of it is given by Bohan walla 
and others. 4 

The value of the standard resistance was 0*3410 ohm, and as 
the current strength chosen was about 29 milhamperes the potential 
difference across it was about 1 x 10'* volts. The galvanometer was 
sensitive enough to give a deflection when the balance was upset by 
3*0 x 10' 4 volts 

Plr 

Now Rm ■ :-r* x Lm. 

Lk 

where Rm ■ Resistance of cell containing the nmnlgnm. 

Rk “ Resistance of the standard. 

Lm ** Fall of potential across the celL 
and Lk “ Fall of potential across the standard. 
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therefore d(Rm)*P^xd(Lm) 

Lk 

m ( t^lL r x30xlO m% 

1*0X10-* 


■ 0*0001 ohms approximately. 


That a change of resistance of 0-0001 ohm could be detected with 
this arrangement. (The actual error was much less than this ab the 
mean of about ten observations with different current strengths was 
taken each time ) 

(6) Viscosity : — The measurement of the coefficients of viscosity 
of these amalgams was first attempted by the Thorpe and Rodgers type 
viscometer. This type of viscometer was nsed by Bhave* for the measure- 
ment of viscosities of Sodium and Potassium amalgams. But the alkaline 
earth amalgams were found to stick to glass and thus the measure- 
ment of levels by means of a cathetometer became impossible 
Moreover it was required to investigate the effect of tune on the 
viscosities of the iwialgAinn without disturbing them in any way, and 
this was not possible with the above-mentioned arrangement. It was 
therefore finally given up and an altogether new apparatus was 
designed. 



To Fiwtrr Pump or Nitrogen Tank 



Fig L 


The new apparatus as shown in fig. 1 consists of three parte. 
S la a bottle need as a storing vessel. V is the viscometer attached 
to S by means of a rubber cork c wired with a laytr of Paraffin wax. 
The viscometer consists of a capillary tube A B, to the two ends of 
which were attached two broad glass tabes bent in the form as shown 
in fig. (1). The capillary, which was carefully calibrated and found to 
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be uniform, had a length of about 28 cma. and a bora of radios 0*03073 
cm. M the amnll cylindrical measuring vessel of uniform ban was 
attached to the viscometer by means of a small piece of pres s n n tubing. 
Both the storing and the measuring vessels were closed by air-tight 
robber corks. Through these corks passed glass tabes with stop-cocks 
and thus both these vessels coaid be connected either to the filter 
pump or to the tank of nitrogen. The measuring vessel M could be 
closed from the rest of the apparatus by means of a pinch cock P 

Before each experiment the different parts of the apparatus were 
disconnected, thoroughly cleaned and joined again as shown in fig (l). 
To make the apparatus air tight all the joints were covered on the out- 
side with a layer of resin-wax mixture. 

The vessel X containing the freshly prepared amalgam was than 
connected to the storing vessel S by means of two short pieces of 
pressure tubing and a glass tube as shown in fig. (1). The glass stop- 
cock E was then closed and the further end of the viscometer V was 
closed by means of the pinch-cock P. Then F was opened and the 
vessel S and the viscometer V were evacuated as completely as 
possible They were then filled with pure, dry nitrogen, and again 
evacuated. The stop-cock E was then opened, and after drawing by 
suction a sufficient quantity of the amalgam from X in S, the stop-cock 
E was again closed. The vessel X was then detached and S was 
filled with pore, dry nitrogen. 

The whole apparatus was contained in an electrically operated 
air-thermo9tat. The temperature of the thermostat was mamtamod tt t 
a steady value of 30°C The vessel M was adjusted in a vertical 
position and a slow steady stream of nitrogen was sent through the 
vessels S and M by opening F and G to the nitrogen tapir and E and 
H to the atmosphere As the stop-cocks E and H were opened to 
the atmosphere, both the vessels were at atmospheric pressure 
throughout the following procedure. 

After adjusting the catheto mater, the pinch-cock P was released 
and the amalgam allowed to flow into M. The levels of the rising 
meniscus of the amalgam in M were noted down by the cathetometer 
against time, until a final steady level was reached. The level in S at 
any previous instant was calculated from the value of this steady level 
and the amount of amalgam that had flowed into M since then. 

Knowing the levels of the meniscus in M at any two instants, the 
quantity of the amalgam that had flowed through the capillary of the 
viscometer during that interval could be calculated from the known 
cross-section of M. The pressure- bead on the viscometer could be 
calculated from the levels in M and S. Thus all the quantities 
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nsceesary tor the calculation of the coefficient of viscosity, from the 
equation, 


») 


8 Q l*' 


tor the flow through a capillary, ware known, except {?, the density, 
which was determined each time by a separate experiment The 
coefficient of viscosity could thus be calculated. 

No kinetic energy correction need be applied, as only relative 
values of the coefficients of viscosity are required. 

The final steady level which the amalgam would attain was 
approximately known before-hand. The catbetometar was adjusted 
about a centimeter below this and as soon as the meniscus passed this 
level a stop-watch was started The cathetometer was then adjusted 
one or two millimeters higher, and the time noted in the stop-watch 
when the meniscus passed the cross-wire. This procedure was 
followed until the steady state was attained. The measurements of 
heights and times were thus made in succession, and an error 
committed either in the measurement of level or tune in one observa* 
tion, resulted in an equal and opposite error in the next observation. 
Thus in the calcolation of the coefficient of viscosity the error from 
one observation was partly eliminated by about an equal and opposite 
error in the next Thus the mean of about six or seven consecutive 
observations yields quite a reliable value. 

The error m an individual observation was from 2 to 3 per cent ; 
but since each experiment consisted of about six or seven consecutive 
observations and, as explained above, the error in one observation was 
partly neutralised by about an equal and opposite error in the next, the 
probable error in the mean was never more than 05 per cent 
This is quite evident from the following values of the coefficients of 
viscosity of mercury obtained with the apparatus at three different 
times:— 


Temperature. 

tj obtained by the 
author. 

Tj calculated from 
S. Koch's formula 

% error. 

310*0. 

0 01514 

001511 

0 20 

31-tfC. 

0*01513 

0 01511 

0*13 

32*0*C. 

0*01512 

i 

0 01506 

0 39 


(e) Density —The densities of the amalgams were determined 
under liquid paraffin by means of a specific gravity bottle. 

The amalgam was never exposed to the air except during the act 
of transferring it to the specific gravity bottle. The determinations of 
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the coeffi cient* of Viscosity and (tensity were made at the same 
temperature. 

RESULTS 

(0 Effect of time on the physical properties of amalgams of the 
alkaline earth metals 

A large amount of amalgam was prepared and stored under an 
atmosphere of pure, dry nitrogen, so that it kept its strength unaltered 
during the course of the experiment. The physical property, ia either 
the electrical conductivity or the viscosity was determined from day 
to day as described in the experimental part 

The results of the experiments are given in Tables I and II. 


Effect of time on the amalgams. 
Table I. — Electrical Conductivity. 


Time* 


1 K1 iBCTIZBfl 1 IB m 

Concentra- 

tion 

Resistivity, 
x 10 A 

Concentra- 

tion, 

Resistivity. 

io-* 

First day 

I 

96 81 

0 0552 j 

96 54 

Second day 

imitmm 

96 83 

0 0550 

96 56 

Third day 

0 1325 

96.79 

• • » 


First day 

■r 

96 91 

BB9 

9610 

Second day 


96 92 

mm 1 

9612 

First day 

MIBB 

BBHBf 


94-80 

Second day 

1 

I 

liShSI 

94-80 


Effect of time on the amalgams. 
Table II.— Viscosity 


Time ' 

i BARIUM | 


nil'll 

Concentra- 

tion 

Viscosity. 

Concentra- 

tion. 

Viscosity. 

First day 

0 2026 

0 01737 

0 0751 

0-01644 

Second day 

0 2010 

0 01741 

0 0735 

001630 

Third day 

0 2008 

0 01751 

■ a 

• •a 

First day 

■EH 

0 01748 

BBS 1 

0-01678 

Second day 

KEH 

0 01748 

mm 

0-01678 

First day 

0-1789 

0 01681 

• •e 

• as 

Second day 

0-1785 

0 01700 


• M 

First day 

0-1525 


see 

«aa 

Second day 

0-1519 

mm 

* a 

•as 
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Viaoosity determinations in the case of Barium a m a lgam s were 
made at 32°C ; while those of the Strontium amalgams were made 
at 30° C. 

The results show that, in the case of these amalgams, no changes 
take place, with time, in the electrical conductivity and viscosity. The 
alight changes, that are observed, are within the limits of experimental 
errors It was, therefore, concluded that the amalgams of Banom 
and strontium metals are fairly homogeneous and stable. 

Incidentally these experiments prove that the amalgams keep up 
their concentrations, when stored under the conditions employed. 
They also furnish evidence for the reproducibility of the results 

(ii) Variation of the electrical conductivity mth concentration 

The results of the determinations of electrical conductivities at 
different concentrations of Banum, Strontium and calcium amalgams 
are given in table III, IV and V respectively In each case the concen- 
tration has been expressed in two ways, once in terms of the number 
of gms of the metal in 100 gms of the amalgam, and second time in 
number of gm-atoms of the metal m 100 gm atomB of mercury. 

Table III 

Blectnoal conductivities of Banum amalgams at 30°C. 

Resistivity of mercury at 30^0. “ 96 69 x 10*® 
Conductivity „ „ „ „ -1 0342x10* 


Concentration 

Resistivity 
of amalgam x 10'* 

Conductivity of 
amalgam x 10* 

in gms. % of 
Ba. 

in gm atoms 
%of Ba. 

0-0412 

0-0602 

96 77 

10333 

0-1285 

0-1878 

96 96 

1*0313 

01337 

0-1954 

96 81 

10329 


0-2640 

96-87 

10323 


0-2983 

96-90 

10320 

0-2249 

0-3291 

96 83 

10327 

0-2338 

0-3422 

96 83 

1-0327 

0 2658 

0-3890 

96 88 

1*0323 

0-2853 

0-4178 

96-91 

1-0319 

0 3200 

0 4687 

96-96 

10313 

0-3327 


96-80 

10330 

0-3351 


96 79 

1-0331 

0*3572 

0-5234 

96 85 

1-0325 
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Table IV 

Electrical conductivities of Strontium amalgams at 3(fC. 
Resistivity of mercury at 3(f C. ■ 96 69 X 10‘* 


Conductivity,, „ , „ ■10342x10* 


Concenl 

in gins % of 
Sr. 

tration 

in gm-atoms. 
%of Sr 

Resistivity of 
amalgam X 10' 4 

Conductivity of 
amalgam x 10* 

0 0552 

0 1264 

96 54 

10356 

0 1297 

0 2974 

96 27 

10386 

01714 


96 10 

10406 

0 2201 

m ;• 31 

95 94 


0 2890 


95 66 


0 3877 

1 E 

95 30 


0 4275 

0 9833 

95 01 


0 4545 

1*0460 

94 80 



Table V 


Elect r teal conductivities of Calctum amalgams at 3(fC 
Resi9ttvity of mercury at 30°C. ■ 96 69 x 10"' 
Conductivity „ „ „ „ =10342X10* 


Concentration 

Resistivity of 
amalgam x 10** 

Conductivity of 
amalgam x 10* 

m gms.% 
of Ca. 

m gm-atoms % 
of Ca. 

0 0097 

0 0485 

96 56 


0 0206 

0 1031 

96 46 


0 0225 

0 1127 

96 40 

SMIAUMll 

0 0236 

0 1181 

96 40 

1*0373 


The resistivities of all the three amalgams are plotted down as 
ordinates against their respective concentrations as abscissa sad the 
curves so obtained are given in figs. (2), (3) and (4). 

Starting with pure mercury at the point A fig (2) the resistivity 
of Barium amalgam increases uniformly with concentration until it 
reaches a maximum at about the point B, corresponding to the con* 
centration 0 130 gms % Barium. After this concentration, there is a 
sharp break in the curve with an abrupt decrease in the resistivity. 

From the point C the resistivity again increases uniformly with 
concentration till the second discontinuity is reached at the point D, 
corresponding to the concentration of about 0 225 gms. % Barium. 

A third discontinuity occurs at the point F, correspondiitf to the 
concentration of about 0-325 gms. % Barium. 

















per 100 grama of 






tagmnipfflOO 
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In the case of Strontium the addition of this metal decreases the 
resistivity of mercury. Thus starting with pure mercury at the point 
A fig. (3), the resistivity decreases uniformly with concentration til 
the point B, corresponding to the concentration of about 0*39 gm. % 
Strontium, is reached. After this concentration the rate of decrease of 
resistivity with concentration suddenly increases. 

The range investigated in the case of Calcium amalgam is email; 
but in this region of concentrations the amalgam exhibits no peculiari- 
ties, and the resistivity decreases uniformly with concentration. 

(hi) Vartatton of viscosity with concentration : — 

This investigation was confined only to the Barium amalgams; 
for of the three amalgams under consideration it is only the Barium 
amalgam that exhibits discontinuities on the conductivity-concentration 
curve. The results of the investigation are given in table 6. 

Table VI. 

Viscosities of the Barium amalgams at 32° C. 

Coefficient of Viscosity all mercury at 32° C. “■ 0*01506 


Density „ — 13*516 gm/c. 0 , 


Concentration. 

Density in gms. 
per c.c. 

Coefficient of 
viscosity 

in gms. % of Ba. 

in gm -atoms 
%of Ba. 


0*0789 

13 50 

0*01593 


01233 

13*50 

0*01656 

0*1238 


13 49 

0*01736 

0*1522 

0*2225 

13 48 

0*01695 

0*1787 

0*2613 

13*47 

0*01690 


0*2964 

13 47 

0*01737 

0 2367 

0 3463 

13 47 

0 01748 

0 2671 


13*46 

0 01708 

0*3018 

0*4419 

13*46 

0*01776 

0-3124 

0 4576 

13 45 

001794 

0*3443 


13*44 

0*01773 

0*3641 

0 5334 

13*44 

0*01731 


As can be gathered from table 6, the general effect of adding 
Barium even in small quantities to mercury is to increase the viscosity 
considerably. The coefficients of viscosity of twelve different Barium 
amalgams, containing from 0.0540 gins. % to 0.3641 gms. % at Barnun 
have been determined. 

The viscosity coefficients of the Barium amalgams have ben 
plotted as ordinates against the respective concentrations as ahyfrf ^ 
and the curve to obtained is given in fig. 5 
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The results definitely indicate the existence of three maxfaia In the 
carve, in the range investigated, and that these maxima are situated at 
about the concentrations 0.125, 0 220 and 0.323 gma. % at Barmin, i.e., 
at almost the same concentrations at which the discontinuities occur in 
the electrical conductivity concentration curve (fig. 2) 


(iv.) VanaHon of Density with concentrations ' — The deter- 
minations of the densities were also confined only to the Barium 
amalgams. The results are given in column three, table VI. 

The density uniformly decreases with increase in concentration, 
and the density concentration curve exhibits no peculiarities. (Fig. 6) 
If such actually exist, they are not prominent enough to be detected 
by method of measurement employed here. 

(v) Verification of Skaupy’s theory — Skaupy 1 ' bases his 
theory on an analogy between liquid metals and electrolytic solutions, 
•,riA assumes that the electrical conductivity of a pure solvent must be 
expressed as a function of the concentration of electrons and of the 
internal friction i. e , viscosity. 

He further assumes that dilute metallic solutions must show a 
higher electron concentration than the solvent as splitting off of the 
electrons occurs when the dissolved substance dissociates. The splitting 
op of neutral molecules into ions and electrons is in accord with the law 
of mass action. 

The conductivity L of a metallic liquid is proportional to the 
electron concentration «, and inversely proportional to the internal 
friction (viscosity) T], and can be written 

• constant X L X Y] (l) 

Taking logarithms of both sides and differentiating we obtain 

Us- J-AL+ ±Arj (2) 

a L tj ' ' ' 


Let C "concentration of the substance dissolved in mercury expr es sed 
in gm. atoms per hundred gm. atoms of mercury. Dividing by C the 
equation (2) becomes 


141,1 j4L , 1 _At) 

• C L C rj C 


A expresses that we are dealing with finite changes however small 
corresponding to small but finite concentrations, and we can substitute 
for L and i) the values for the pure solvent. 

Putting 


i As M „ 1 AL 
s C Hf L C" 
we obtain from (3) 

H - /+ r 


mi and 1^3 ■ r 
i) C 





0.05 0-10 0.15 0*00 

Concentrati o n of Barium in grama per 100 grama of 
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which for infinite dilation can be expressed as 


Skanpy showed in the first paper that la has approximately the same 
value for a number of metals dissolved in mercury. 

The rule that la. has approximately the same value for all metals 
does not hold in the case of some alkali amalgams, for l has a negative 
value in these cases. The difficulty was not removed until H. FennJger's 
work 1 ' showed the increased value of the viscosity for these amalgams. 

If this is taken into account, we obtain the more general rule that 


should have the same order of magnitude for different metals dissolved 
in mercury. 

The necessary quantities are calculated and are entered in table 7. 
Table VII. 


Co-efficient of viscosity of mercury at 30° C. ■0*01516. 
Electrical conductivity „ „ „ ■ 1'0342 X 10*. 



Concen 

Iration. 

(C) 

Conducti- 
vity xW 

( L) 

j \ [Vi 3 ) [ \ ^ 

AL 1_, 


iw+f 


L c 

n c 

Ba. Amalgam 

01810 

02964 

04419 

0*5044 

1*0317 

10320 

1O310 

10328 

001736. 

0 01737 
0*01776 

0 01773 

-00134 

-00072 

-00056 

-00027 

0-8437 

0-6175 

04049 

0-3518 

iiii 

Sr. Amalgam 

0*1264 

0.2974 

10*356 

10386 

001598 

001708 

00092 

001269 

0*4224 

04233 

04318 

04380 

Na. Amalgam 

0*4571 

2*604 

10178 

10247 

00226 

001856 

-007381 

-00028 

1081 

04)833 

1-004 

0-0808 

K. Amalgam 

0*3482 

0*3594 

10058 

10027 

00185$ 

0*01767 

-007886 

-005446 

08045 

02823 

04367 

04279 


N.B . — These conductivity and viscosity values of the amalgams 
are at about 30°C. Values of the electrical conductivities and 
viscosities for the Sodium and Potassium amalgams have been obtain- 
ed from the works of Bohan wala* and Bhave.* 

The values of H are given in the last column of 7 for foot 
different amalgams viz., those of Banum, Strontium, Soilm, tad 
Potassium, 

The values of H have a tendency to Increase with decraashs con. 
centrations in all except the Strontium anulgam. Thus it appears that 






nwm LIQUID omailfl OF THE ALKALINE* EAKTHS 


J7 

nkM of Ha lor these amelgime will have a mncfa greater value than 
those at the concentrations given. 

Tbe valoas of Ha for Gold and other amalgams have been shown 
by Skanpy, 1 * Williams, 11 etc., to be of the order of 0*10. Thns values 
of Ha for these amalgams will differ appreciably from tbe value ex- 
pected from the rale that Ha is of the same order of magnitude for all 
metals dissolved m mercury. It, thus, seems that this rule does not 
hold good for tbe four amalgams examined. 

DISCUSSION. 

The results of the work done on dilute liquid amalgams of Barium 
by the authors and other workers bring out the remarkable similarity 
betweem this amalgam and those of Sodium and Potassium. Thus 
Barium, like Sodium and Potassium when dissolved in mercury lowers 
the conductivity of the latter. The conductivity-concentration curve 
of Barium amalgam exhibits discontinuities at certain concentrations. 
The conductivity-concentration curves of Sodium and Potassium also 
exhibit similar discontinuities (Bohariwala 4 ). The viscosity-concentra- 
tion curve of Barium amalgam shows maxima at the concentrations 
where the discontinuities exist on the conductivity-concentration carve. 
The viscosi ty -concentration curves of Sodium and Potassium amalgams 
also exhibit similar maxima (Bhave 1 ). On the passage of an electric 
current through dilute liquid a mal g a m s of Sodium, Potassium and 
Barium, the amalgamated metal gathers round the anode (Lewis, 
Adam and Lanmann* ; Le Blanc and Jacks 11 ). But the transference 
of the metals. Sodium, Potassium and Barium, towards the anode holds 
good upto a certain concentration only (2.0% Na, 2 5% K. and 2.7% Ba) ; 
after this concentration a reversal in the direction of migration takes 
place, in each case towards the cathode (R. Kremann and co-workers 1 '). 
Thus tbe behaviour of dilate liquid amalgams of Barium is m every re- 
spect similar to the behaviour erf the dilute liquid nmnlgnm« of Sodium 
and Potassium. 

The Strontium and Calcium amalgams, however, resemble the 
Lithium "twigain Oa the addition of Strontium or Calcium the 
electrical conductivity of mercury increases. Lithium when dissolved 
in mercury baa also been shown to increase the conductivity of the 
latter (Hine* and Bohan wala 4 ). On tbe passage of a current through 
dilute liquid amalgams of these metals, the amalgamated metal gathers 
round the cathode In each case (La Blanc and Jacks 11 ; R. Kremann 
and co- workers 1 *). 

The dilute liquid amalgsms of the alkali and alkaline earth metals 
can thus be grouped into two Haases. Tbe first comprises the Sodium, 
Potassium and Banum amalgams and the second those of Lithium, 
Strontium and Calcium. 
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The outstanding features of the first group are fiat, the electrical 
conductivities of amalgams belonging to this group are lass than fiat of 
pure mercury, and that on the passage of a current through these 
dilute amalgams, the amalgamated metal travels to the anode. 

The features of the second group are that, the electrical conduo- 
tivities of amalgams in this group are greater than that of pure mercury, 
and that on the passage of a current through dilute liquid amalgams 
of this group, the amalgamate metal goes to the ca t hode. 

The behaviour of both these groups can be explained In the 
following manner. 

When a metal is dissolved in a non-metalhc solvent, as Sodium in 
liquid ammonia, it dissociates according to the theory of Kraus, 1 * into 
positive ions ( sodium ions ) and negative electrons, which may be, in 
part, combined with the molecules of the solvent When an electric 
current is passed through such a solution, the dissolved metal is earned 
with the positive current 

It does not seem unreasonable if we assume, like Lewis, Adams 
and Lanmann* that the alkali and alkaline earth metals, when dissolved 
in a far leas positive metal like mercury, would behave in a like 
manner. 

Thus any of these metals, when dissolved in mercury would get 
ionised to a considerable extent the concentration of electrons would 
increase and there would be an increase in the conductivity of the 
amalgam. Moreover on the passage of a current through dilute amal- 
gam of any of these metals the positive ion ( the alkali or alkaline 
earth metal ion in this case ) would travel towards the cathode. 

But, as mentioned earlier, experiments prove that the behaviour of 
dilute solutions of Sodium, Potassium and Banum in mercury is exactly 
contrary. 

Lewis, Adams and Lanmann* have explained this peculiar behavi- 
our in the following words . — 

" A due to the interpretation of this apparently mysterious trans- 
ference effect in amalgams is found when we examine the corvee relat- 
ing the electrical conductivities and the compositions of liquid amal- 
gams of Sodium and Potassium. Bornemann and Muller have shown 
that the electrical conductivity of mercury is lowered by the addition 
of Sodium. 

Now, unless the Sodium diminishes the number of electrons which 
take part in the conduction, which seems improbable, this change of 
conductivity must be due to a diminution of the avenge mobility of file 
electrons. Probably the atoms of seinm which are dissolved in 
mercury, are not there chiefly as such, but rather as nuclei of large 
aggregates of mercury atoms. Be this as it may, we can a 

dilute a m a l ga m as composed of small regions whose centres are the 
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So dium atoms, embedded in a man which baa all the p ro p erties of 
pore marcary. If an electron meeting one of these regions daring the 
passage of tbe corrent is on the average retarded, whether by the 
greater impenetrability of that region or by any kind of reflection or 
refraction then, by tbe law of action and reaction, the region containing 
the Sodium atom will be impelled in the direction of the negative 
corrent.” 

This explanation of Lewis, Adams and Lanmann* at once explains 
the decrease in conductivity and the transference of the amalgamated 
metal towards the anode in the case of Sodium, Potassium and Barium 
amalgams. Bat this assumption of the process of solvation, or the 
combination with die solvent, is not only necessary to explain the be- 
haviour of Sodium, Potassium and Barium amalgams. This hypothesis 
is necessary in the case of Calcium, Stroptram and Lithium amalgamy, 
For the amalgams of the alkali and alkaline earth metals behave ab- 
normally as regards their vapour pressure, solution tensions and diffu- 
sion velocities (Ramsay**; C. McP. Smith 11 ). The assumption of 
solvation satisfactorily explains these abnormalities 

C. McP. Smith 11 explained this behaviour on the assumption that 
compound formation takes place and the molecule of the compounds 
thus formed contains only one atom of the amalgamated metal and a 
number of atoms of mercury. This his idea of compound formation is 
not however much different from tbe solvation process which Lewis, 
Adams and Lanmann imagine. 

It can thus be assumed that an alkali or alkaline earth metal on 
going into solution in mercury first gets ionised, splitting into electrons 
and positive ions The mercury atoms then gather on the positive 
ions, thus forming an aggregate of mercury with the positive ion as 
nucleus. The degree of solvation is, however, different for different 
metals. 

The concentration of the electrons is thus increased, bnt the electri- 
cal conductivity which depends also on the mobility of electrons will 
increase or decrease according as the mobility of tbe electrons increases 
or dscreases. If tbe solvation is considerable the mobility of elec- 
trons, as explained above, decreases considerably and tbe conductivity 
decreases; but if tbe solvation is not much, the mobility of tbe elec- 
trons is not changed appreciably and the conductivity increases. 

Tbe positive ion with its aggregate of mercury atoms has a tendency, 
due to the imposed E.M.F., to travel towards the cathode; but due to 
the bombardment of tbe electrons, on the passage of tbe electric cur- 
rent, the positive ion with its aggregate of mercury atoms is repelled to- 
wards the anode. The direction of transference of the metal depends 
on whidi of these two tendencies predominates. If there is good deal 
of solvation the amalgamated metal is forced towards tbs anode. If 
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the solvations is not appreciable the amalgamated metal movie to* 
wards the cathode. Thus whether the conductivity will decrease and 
the metal will travel towards the anode or whether the conductivity 
will increase and the amalgamated metal will travel towards the 
cathode is determined by the degree o f solvation which the metal on* 
dergoes. If the solvation is considerable the conductivity decreases 
and the metal travels towards the anode. To this cl a ss belong the 
dilute amalgams of Sodium, Potassium and Barium. If the solvation 
is not considerable, the conductivity increases and the metal travels 
towards the cathode. This is what happens in the case of dilute 
amalgams of the Lithium, Strontium and Calcium metals. 

The reversal in the direction of migration during electrolysis 
which R. Kramann 1 ' and others observed m the case of liquid Sodium, 
Potassium and Barium amalgams at concentrations 2 0 % Sodium, 2*5% 
Potassium and 2 7 % Barium, can be explained as the tendency, of 
going to the cathode, of the positive ion with its aggregate of mercury 
atoms, attaining predominance at these concentrations over its repulsion 
towards the anode due to the bombardment of electrons. 

The departure exhibited by the amalgams of Sodium, Potassium, 
Barium and Strontium from Skaupy’s theory of conduction, for the 
liquid amalgams, becomes clear from this point of view ; for Skanpy as- 
Burned that the amalgamated metal dissociates into electrons and posi- 
tive ions on going into solution with mercury and that the positive ions 
exist as such in the solution. But dne to the solvation that takes place, 
the viscosity increases abnormally, and the value of Ha in these cases 
has therefore a much higher value than those for other metals. 

The assumption of the process of solvation is further supported 
by the investigations of Bhave* on the viscosities of dilute amalgams of 
Sodium, and Potassium, and those of the authors on Barium amalgams, 
record in this paper. The viscosity-concentration curves of these 
amalgams show maxima at certain concentrations. These are 

held to indicate some form of molecular aggregation ( A. E. Dunstan 
and Thole, Viscosity of Liquids pp. 46 ). 

SUMMARY. 

The experimental investigation is confined to the dilute liquid 
amalgams of the alkaline earth metals. The concentration ranges 
investigated are as follows : — 

0.000 to 0.364 gms. % of Barium, 

0.000 to 0.4545 „ mm Strontium, 

0.000 to 0.023 „ n it Calcium. 

(1) The electrical conductivities and viscosities of Wfinm and 
Strontium amalgams suffer no change with tim^, 
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(2) The electrical conductivity of mercnry decreaw on the addi- 
tion of Barium, and the electiH^-coodnctrvity -concentration curve of 
Barium amalgam exhibits discontinuities at the concentrations, 0 - 130 , 
0.225 and 0.325 gms. % of Barium. The electrical conductivities of 
Strontium and Calcium amalgams increase uniformly with concentra- 
tion. 

( 3 ) The viscosity of mercury on the addition of Bonom increases 
and viscosity -concentration curve of Barium amalgam exhibits mamma 
at the concentrations at which the discontinuities occur on the elec- 
tncal-conductivity-concentration curve. 

(4) The density of Barium amalgam decreases uniformly with 
concentration, 

( 5 ) The behaviour of dilute amalgams of the alkali and alkaline 
earth metals is examined in the light of different theories, particularly 
those of Skanpy and Lewis. 
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DIHYDRORESORCINOLS PART III. THRjCONDENSATION 
OF ALDEHYDES WITH CYCLOHEXANE-SPIRO- 
CYCLOHEXANE-3:5*DIONE. 

Bn 

RANCHHODJI OAJIBUA1 DBSAI. 

In continuation of the author’s work on dihydroresordnols [J.C.S.T. 
(1932), 1079 also in press.] it was thought interesting to condense the 
spiro compound, cyclohexane-spiro-cyclohexane- 3 5-dione (l) with 
aldehydes in order to see how far its behaviour resembled that of 
dimethyldihydroresorcinol, as it has, sometimes, been observed the 
derivatives of cyclohexane differ chemically from their dimethyl 
analogues. [Compare Desai J. C.S. (1932) 1081 ; Beasley Ingold and 
Thorpe, J.C.S. (1915), 1081 ; Qudrar-i-Khnda. J.C.S. (1929), 201.] 

The action of benzaldehyde and sahcylaldehyde on the dione (I) at 
the ordinary temperature, in presence of piperidine as a nwhntiiij 
agent, gave benzal-bis-cyclohexane-spiro- cyclohexane-3 5 -dione (II) and 
salical-biS'Cyclohemne-spiro-cyclobexane-3 5 -dione (HI). Under the 
influence of dehydrating agents like acetic anhydride, glacial acetic uaA 
or gaseous hydrogen chloride, the compound (II) gave rise to 2-spiro- 
cyclohexane-4. 5-diketo-7-spiro-cycIohexane-9-phenyl-octahydroxanthena 
(IV). The dehydration of the salical derivative (III) can give rise to* 
either, the octahydroxanthene derivative (V) or the pyran derivative 
(VI). 



I. 
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CH,< C /^ H, >C 7 . 
CHt-CH, \8 


CO-CH. CH.-CH, 

ch/ ch <co-ch:> c< ch; C h.> ch ’ 

\ch< C 0 - CH ->c< ch -^ h *>ch 1 
CO-CH, CHi-CH, 

III. 

CO < CH.C.H, CO 


/C< CH, ~ CH *>CHi 


CHt-CH, 


CO CH CO 

^ ./ 'IT »» 


ch.<" h -- ch ->c 

CH,-CH, 


- n, 0c CHi ‘ CHi >ch. 

H * CH, 0 CH, CH,— CH, 

V. 

f Hi C H, CH, 

v y “\ . v 


CH* CH, \ 


c Uc: 


CO-CH, 

H< >C 

CO-CH, A 

CH, CH, 

CH, 

CH.V 
I CH, 


That the actual product formed is the oct ah ydroxa nth eoe derive* 
five (V) to proved by the toot that when acetytoalkytoUebyde to con* 
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footed with the dione (I), tho acetyl-sahcal-bia-cydohexane-ipiro- 
cy cMwaBUW -3. 5-dione (VII), which is first formed, undergoes dehydra- 
tion to the xanthene derivative, which is formed by the acetylation 
of (V). 


C 


y,/ 


Co - CHi CH*— CH* 

CH< CO-CH 1 > ^ CH»— CHs > * 


\hc C0 " ch, >c< ch, ” CH >ch, 

CO.CHi CH CO-CH, C< CH,-CH i > 

VII. 


Tho Condensation of s&licy (aldehyde with the diono (l) in presenoe 
of gaseous hydrogen chloride as a condensing agent took a different 
course, and a scarlet compound was formed* This was found to 

be 2-spiro-cyclohexane'4-keto-tetrahydroben20-pyranol-anhydrochloride 

[(VIII) or (VIII)A] . Of the two alternative formulae (VIII) or (VIII^i 
the latter is preferred because the presence of the Ortho-qmnonoid 
grouping in the benzene nucleus explains satisfactorily the colour of the 
onhydrochloride. 

£L 


CH. O 


CH,< 



Cl 



Tha formation of the anhydrochloride (VIII,A) most have involved 
the intermediate formation of salk^laieDe-cydobexane-spiro-cyclohexane- 
3 • 5-dtone (IX), but attempte to prepare it by the of 

•alicylaldehyde with the dune (1) either alone or n wW tha of 

wiou alkaline aa well a* add catalyeta Ultd. Effort* wan, then 



*hb <JoNb#NSAf ion ofr ALbSHVbHfl 


Hi 


made to propara it by the alkaline hydrolysis at (VHI,A) ; bat the 
anhydrochlonde was found to be extraordinarily resistant to the 
hydrolytic action of Caustic alkali- The only product that could be 
l«nlaiod ms the free base (X) corresponding to the anhydrochlonde. 
Thus the behaviour of cydohexane-spiro-cydohexane-S. 5-dmne, was 
similar to that of dunethyldihydroresoranol, so far as the condensation 
at benaldehyde and salicyl-aldebyde was concerned. 


CH t < 


CH»-CHi CH,-CO 
CH.-CH, XH.-CO 


>c ■ ch( 


OH 


\ 

J 


CH,< 


IX. 

CHf O-OH 



Experimental. 

Cyclohexane- Spiro-cy clohexane- 3 . 5 -dione was prepared by the 
method of Noms and Thorpe [ J. C. S. (l92l), 1205 ] . When its al- 
coholic solution was treated with an excess of [ 40% ] formaldehyde 
solution at ordinary temperature, tneihylene-bts-cyclohexanc-aptro- 
cyclohexane-3 S-dtone was immediately precipitated, and melted at 
206° according to the above authors. 

2Sp%ro-cyclohexam-4 5-diketo-7-spt ro-cyclohexan*-octahydroxan • 
thene. The above methylene derivative (I g.) was heated with acetic 
anhydride (5oc.) on a free flame for 2 hours, and the excess of the 
anhydride decomposed by adding water The precipitated solid was 
crystallised from dilute alcohol when white, prismatic needles melting 
at 215° were obtained. It was soluble easily in acetone, and glacial 
acetic acid, but sparingly in benzene (found C, 77<8 ; H, 8 6 , C» H m O| 
requires C, 78 0 ; H, 8 47 percents). 

(II) BennaMHOcyclohexane-tptro-cyclohexano-3 S-dtone. 

A mixture of benzaldehyde ( 2 g.)> cyclohexanespiro- cyclohexane- 1 ; 5 
dione (3 5 g), dry benzene ( 25 ex.) and piperkhne (4 drops) was kept at 
the ordinary temperature for 12 hours. The residue left after remov- 
ing benzene under suction, was crystallised from dilute alcohol when 
lustrous needles melting at 132-133° were obtained. Its alcoholic solu- 
tion gave red colouratioa with ferric chloride solution. ( found C, 77*6 , 
H, 8*1 , Cm Hu O 4 requires C, 77*7 , H, 8-0 percents). 

I 



66 


JOURNAL OP THE UNIVERSITY OP BOUBAY 


2-Sptro*cyclohexate4'5‘diketo-7-8piro<yclohexane-9*phenyl-octa- 
hydroxanthene (IV). When the above compound (1 g.) was heated 
with acetic anhydride (5 c c.) on a free flame for 10*15 minutes, and the 
excess of the anhydride decomposed with water, a solid was precipitated* 
When crystallised from alcohol, the octahydroxanthene derivative was 
obtained in flat, prismatic needles, melting at 188*189°. This substance 
did not give any colouration with ferric chloride and was insoluble m 
Sodium Carbonate solution ( found C, 80 6 ; H, 8 1 ; C* Hm Oj requires 
C, 80 9 , H, 7 9 ; percents ). 

Saltcal-bis-cyclohexane-spifo-cyclchexane-l S-dtone (111). A mixture 
of solicyl-aldehyde (2g), cyclohexane- spiro-cyclohexane 3 5-dione (3 5g), 
dry benzene (20 c.c ) and piperidine (4 to 5 drops) was left at the room 
temperature for 12 hours. The benzene was removed at the pump, and 
the solid crystallised from dilute alcohol, when white needles melting at 
185° were obtained It dissolved in Sodium Carbonate solution, and its 
alcoholic solution gave violet colouration with ferric chloride ( found 
C, 74*9 ; H, 7 62 , Cn Hm O fl requires C, 75*0 , H, 776 percents). 

2-Sptro-cyclohexane - 4 5-dtketo-7 -sptro-cyclohexane -9-0- hydroxy - 
phenyl'octahydro Xanthene (V). The above compound (lgm.) was 
boiled with glacial acetic acid (I5cc.) for 3-4 hours , on dilution, white 
needles melting at 193-194° were obtained. This substance also gave 
violet colouration with ferric chloride and was soluble m sodium car- 
bonate solntion It was also formed by saturating its absolute alcoholic 
solution with dry hydrogen chloride, and keeping the mixture over- 
night ( found C, 77 7 , H, 7.8 ; C n Hm 0 4 requires C, 78*0 H, 7 6 
percents). 

The acetyl derivative was prepared by heating either the com- 
pound (III) or (V) with acetic anhydride for half an hour on a sand- 
bath. The excess of acetic anhydride was decomposed with water, and 
the solid crystallised from dilute alcohol, when prismatic needles melt- 
ing at 183-184° were obtained. It did not give colouration with feme 
chloride (found C, 76 1 ; H, 7 6 , Cm Hm 0i requires C, 76*2 ; H, 7-5 
percents ). 

AcetylsaUcal-bis-cydohexane-spiro-cyclohexane-l.S-dione (VII). A 
mixture of acetylsalicyl aldehyde ( 1 2g. ) cyclohexane-spiro- cyclohex- 
ane- 3 5-dione (1 8g ), dry benzene (10 c.c.) and piperidine (3 to 4 drops) 
was kept at ordinary temperature for 12 hours. The solid, left after 
the removal of benzene was crystallised from dilute alcohol, when 
"hi to needles melting at 190° were obtained. Its alcoholic solution 
gave brown colouration with ferric chloride solution ( found C, 73*4 ! 
H, 7 7 , Cji Hm 0* requires C, 73 5 , H, 7 5 ; percents ). 

When this compound was dehydrated by means of acetic anhy- 
dride or glacial acetic acid, the resulting product melted at 183-194°, 
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sad was identified as the acetyl derivative of (V), by mesne of mixed 
m. p. 

2-SpirocyclohexaneA-ksto-tetrahydrobenso-Pyranoianhydrochlori- 
de (VIII, A). A solution of cyclohexane spiro-cyclohexane- 3 *5 -dione 
(lg.), and aalicylaldehyde (0 7g.) m methyl alcohol (10c.c.) was saturated 
with a rapid current of dry hydrogen chloride at 0°. The solution be- 
came dark-red and viscous, and on keeping overnight, deep red crystals 
were deposited. These were filtered off, and washed on the filter paper 
with methyl alcohol saturated with dry hydrogen chloride. The sub- 
stance did not melt below 300°, and began to decompose on exposure 
to moist air. It was sparingly soluble m usual organic solvents. The 
■ample for analysis was dried in a vacuum over caustic potash ( found 
C, 71 3 , H, 6*4; Cl, 1 1*5, C u H u 0, Cl requires C, 71-4 ; H, 6 28 ; Cl, 
11 7; percents). 

The Anhydrobase was prepared by adding sodium acetate no ta tio n 
to the warm solution of the anhydrochloride in a large excess of ethyl 
alcohol. The pale pinkish powder that was precipitated was filtered 
off, and washed alternately with water, alcohol, and ether. Sparingly 
soluble in almost all the organic solvents, the substance charred at 
about 300° without melting. The original deep-red colour of the anhy- 
drochloride was restored if it was left in contact with methyl alcohol 
saturated with dry hydrogen chloride. The anhydrobase was recovered 
unchanged after heating with a concentrated solution of Alm^nlir 
caustic potash (found C, 75*8, H, 7*2; C u H*o 0» requires C, 76*0; 
H, 7 0 percents ). 

The above work was earned out at the Imperial College of 
Science and Technology, London, and I express my grateful ttainU ff to 
Prof, J, F. Thorpe C. B. E., F. R. S., for his kind interest and encour- 
agement, to the Bombay University for the award of a Scholarship, 
and to the Chemical Society, London, for a grant that partly defrayed 
the cost 

Muslim University, j 
Aligarh. j 



NITRIFICATION OF OIL CAKES IN THE TYPICAL 
SOILS OF THE BOMBAY PRESIDENCY 

By 

D L. SAHASRABUDDHE, M.Ag,M.Sc. ( 

AND 

D H. GOKHALE, M Ag 


1. Introduction. 

Nitrogenous manures are important and their value is usually 
judged by the percentage of Nitrogen they contain but the real value of 
Buch a manure can be judged by the rate at which the nitrogen be* 
comes available to the crop. Nitrogen is generally taken up by plants 
in the form of nitrates The rate of nitrification may therefore be taken 
as a measure to find out the value of a nitrogenous manure. The rate 
of nitrification depends not merely on the nature of the organic matter 
but also on the nature of the soil to which the nitrogenous manure is 
applied. The value of the od-cakes used as manure depends on the 
per cent, of nitrogen and also on the rate of nitrification. The latter may 
vary according to the nature of the sod. 

In India nitrification of green manures has been worked by Josh! 
( 1919) and the nitrification of oil-cakes like the Tilh (sesamum ori- 
entale ), Karan] ( Ipomea glabra ), Castor Linseed etc., on typical 
soils of Central Provinces and Berar was worked by Plymen and Bal 
( 1919 ). They found that the rate of nitrification was different for 
different od-cakes and for the same od-cake it varied with the k»yt of 
sod. The object of the work described in this paper was to study die 
rate of nitrification of some important od-cakes on the typical and im- 
portant soils of the Bombay Presidency. The od-cakes s e l e c ted were 
the (1) Groundnut cake, (2) Castor cake and (3) Safflower cafa and 
the soils used were the (l) Medium Black soil derived from the trap 
( Poona District ), (2) Latente sod from the Boiganm District and 
(3) the Goradu alluvial sod of the Kaira District. 

The following figures indicate the nature of the soils, 
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Table No. 1. 



Medium Black 

sod. 

Latente 

sod. 

Gorndu 

soiL 

Maximum water holding 

1 

% 

% 

% 

capacity. 

48 

38 

<20 

Sticky point ( Moisture at ) 

26 4 

16 7 

6*4 

Retentive portion. 

66 

49 

28 

Nonretentive portion. 
Capillarity rise in Centimeters. 

34 

51 

72 

3 hours. 

25 

7-5 

12-1 

3 days. 

42 4 

59 8 

74-5 

5 days. 

701 

80-1 

80-2 

8 days. 

106 2 

97-5 

83-8 

Loss on Ignition. 

11 49 

8 35 

4 30 

Lime ( CaO ) 

6 15 

0 17 

1-42 


The composition of the oil-cakes used was as follows. 
Table No. 2. 



Safflower 

cake. 

Per cent 

Groundnut 

cake. 

Per cent 

Castor 
cake. 
Per cent 

Moisture. 

9 95 

3 62 

4-55 


On oven dry matter 

Ether Extract. 

4-59 

10 53 

5-13 

‘Albuminoids. 

32-25 

53 57 

2518 

Woody fibre. 

16 72 

4 40 

9 54 

Other Carbohydrates. 

29 21 

23-53 

49-97 

‘Containing Nitrogen. 

5 16 

8 57 

4 03 


2. Plan of Experiments . 

In order to ensure even sampling of the oil cakes, a sample of 
each was passed through a handmill twice before it was taken for 
experiment. The uniformly ground sample was then sterilized in an 
Autoclave at 120°C. for an hour and then mixed with the sod. 

Three sets for three different soils were arranged each containing 
five trays filled with 1000 grams of soil which was previously sampled 
and passed through 1 mm. sieve. Of the five trays the first received 
3$ Safflower cake, the second received 3% Groundnut cake, the third 
received 3% Castor cake and the fourth received a sample of i% fat- 
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free Groundnut cake for comparative observations and to note if either 
the presence or absence of the high percentage of oil in the cakes af- 
fected the mtrifiability of the cakes. The fifth tray was the Control 
and received no cake. 

Two more similar sets-— one for the Latent© and the other for the 
Goradu soil — were filled up. A thorough mixing up was ensured by a 
number of nitrogen determinations from each of the trays. 

At the start of the experiment moisture equivalent to 50% of the 
maximum water holding capacity of the respective soils (giving the 
optimum conditions of moisture ) was added and evenly distributed by 
sampling. The loss of moisture due to normal evaporation was made 
up twice every week in order to maintain uniform moisture conditions. 
All trays were kept within a narrow limit of varying temper a t u re 
namely between 27° and 30°C. 

All the samples were analysed every fortnight and the following 
determinations were made : — 

1. Nitrogen in all forms including 

(a) Total nitrogen. 

(b) Ammoniacal Nitrogen. 

(c) Nitrate and Nitrite Nitrogen. 

3. Method of Analysis 

( a) Total Nttrogcn. 

20 grams of a sample soil was treated according to the Official 
Methods of Analysis (1921). 

(b) Ammoniacal Nitrogen. 

50 grams of the soil sampled was shaken with a solution of 
Sodium Chloride for half an hour and an aliquot portion of the extract 
was distilled over Magnesium Oxide and Ammonia was estimated at 
usual (McLean and Robinson (19.24) ). 

( o) Nitrate and Nitrite Nitrogen. 

The Griess Ilosway method for the determinations of nitrites and 
the Phenol Dieulphomc acid method for the determinations of the 
nitrates were employed. In both cases the standard Tinto-meter glasses 
were used for matching the developed colour. 

It was found that the extracts of the samples with Groundnut 
cake were turbid on account of the fine suspended and the 

extracts with Safflower cake were coloured yellow* This Int erfe re! 
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with the estimations and therefore the following method suggested by 
Syme (1909) was used to remove the difficulty : — 

About 50 c.c. of the soil extract was heated to about 50° to 
60°C. and treated with 1 cc. of dilute (l to 5) Sulphuric acid followed 
by an excess of Potassium permanganate (5 to 10 grams dissolved in a 
litre) which is added from a burette. The extract is heated for 15 
minutes on a water bath, more Potassium permanganate solution being 
added from time to time if required. The whole is filtered and the 
filtrate made slightly alkaline with Sodium Carbonate and evaporated 
to dryness on a water bath. The*residue is taken up with water and 
filtered and the filtrate is made up to 50 c c. and the Nitrates estimat- 
ed as usual In such a case the nitrites originally present turned into 
nitrates. 

4. Nttrogen Changes of Oil Cakes tn Soils . 

Of all the chemical changes that take place during the process of 
nitrification of the nitrogenous organic matter m the sod, axnmonific- 
ation marks a very definite and readily perceptible change. The 
estimation of ammomacal nitrogen of the samples at regular intervals 
of time would give a fair idea with regard to the comparative rates of 
decomposition of the samples of oil-cakes used in the experiment. The 
three different sets with the three different soils have given appreciably 
different results and therefore it is proposed to examine them separate- 
ly* 

In all 8 determinations at regular stages were made including the 
observations at the start and extending over a period of 100 days. 

(a) Medium Black Soil . 

Table No. 3. 

Milligrams of ammomacal nitrogen per 100 grams of oven dry soil. 


Tima. 

Groundnut 

Cake. 

Ordinary. 

Groundnut 

Cake. 

Fat-Free. 

Safflower. 

Cake. 

Castor 

Cake. 

Control 

0 days. 

0 51 

0-53 

Trace. 

Trace. 

Trace. 

14 days. 

612 

586 

2-70 

241 

045 

28 days. 

11 19 

10 38 

500 

4-54 

094 

42 days. 

16-40 

15-34 

8-08 

7-28 


56 days. 

28 23 

26 21 

12 45 

11-60 


70 days. 

49-72 

37 56 

18-26 

16 31 


84 days. 

71-39 

47-13 

21-91 

22*18 


100 days. 

92-21 

64 35 

26-65 

27-40 

Um 
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The figures presented in the above table show clearly enough the 
different degrees of ammomfication in the different samples of oil cakes 
used Taking the Groundnut cake, we find the ammomacal nitrogen^ 
content of the sample is increased day after day until at the end of 100 
days, 92 milligrams of ammomacal nitrogen is found per 100 grams of 
oven dry soiL If we examine the figures for all different stages at 
which the samples were analysed It can be seen that there is a gradual 
rise in the ammomacal nitrogen contents throughout. 

In the case of the fat-free Groundnut cake the ammomfication is 
appreciably lower than the ordinary cake This suggests that either 
the removing of fat results m the lowering of the rate of decomposition 
or that the extraction of the fat by Ether might have affected an anti« 
biotic condition if ammomfication is regarded as a bio- chemical change. 
Playmen and Bal (1919) have not found the fat-free Till cake inferior 
to the ordinary cake in their experiments where they seem to have 
made a comparative study of the ordinary Till cake and the fat-free 
Till cake as has been done in the case of Groundnut cake in these 
experiments. The comparative study made here suggests that the 
process of ammomfication 19 not a purely chemical process. If it were 
so there should not have been so much difference m the ammomfiabi- 
lity of the ordinary Groundnut cake and the fat-frec Groundnut cake 
because these two samples are under precisely identical conditions 
otherwise. Taking also the view that ammomfication is an auto* 
catalytic change we find that both the samples had a fairly equal start 
and the differences brought about in the later stages were due to other 
non-chemical influences. There is a very important suggestion made 
by Subramhanyan (1925) that ammomfication is an enzyme action. It 
is quite probable from this point of view that the enzymes present in 
the Groundnut cake were either destroyed in the process of extraction 
by Ether or were extracted along with the fat. 

Considering next the figures obtained in the case of the Safflower 
cake and the Castor cake it can be seen that both of them are slow 
and compete closely in the extent of decomposition. The Safflower 
cake is richer in nitrogen content by 1% than the Castor cake but is 
slightly slower in ammomfication because it contains 16% woody fibre 
&b against 9% w the Castor cake (Table No. l). The Groundnut cake 
of course contains the lowest amount of woody fibre being only 4% 
which also speaks in favour of its rapid decomposition. 

In presenting the nitrification figures they are given as nitrogen 
nitrified per 100 grammes of the original total nitrogen present in the 
various samples, because these figures would be easily comparable 
although the percent of nitrogen may bo different in different off-cakes. 



wmincATtoN or ou. miss h 

Tajw* No. 4. 

( Nitrification c I various oil cakes. ) 

Nitrified nitrogen per 100 grammes of the total nitrogen present.' 


Time* 

Groundnut 

Cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free. 

Safflower 

cake. 

Castor 

cake. 

Control 

0 days. 

0*55 

0-32 

mm 

0*46 

0*30 

14 days. 

2*42 

1*74 

HU 111 

2*14 

1*12 

28 days. 

3*13 

3*96 

4*35 

4*98 

1*34 

42 days 

9*44 

6>72 

6*38 

8*08 

2*13 

56 days. 

17 26 

10*52 

862 

11*44 

2*83 

70 days. 

23 32 

16*81 


16*28 

3*21 

84 days. 

33 64 

27 20 


2024 

3 22 

100 days. 

41 82 

34 40 


24 33 

3*19 


A glance at Table No. 3 shows the different degrees of nitrifioatioa 
of the different oil cakes. They stand jnet in the same order as they 
stood in the aminonification process and therefore there are reasons to 
suppose that there is some inter-depending connection between ammoni. 
ficabon and nitrification although Lipbam and Barges (1917) say 
that*— 

“ The ammonifiabihty data of fertiliser nitrogen in soils are not 
useful indication of nitrifiability data on the same fertiliser and op the 
same eell." 

- Thus 41% of the total nitrogen in the ordinary Groundnut cake is 
nitrified in a period of 100 days while only 34% of the total nitrogen ip 
the fat-free Groundnut cake is oxidised within the mm. per iod . g VM 
if the Blanks which are common to all the samples are deducted the 
comparative value remains the game. It is again indicated here that 
either the extraction of o4 cake or the method of extraction inhibits the 
process of nitrification. 

The Safflower cake is as slow ip nitrification aa it was in the 
ammomfic&tion and only 20 % of its total nitrogen is nitrified. The 
Castor cake nitrifies to the extant of 24% and t h ere f ore supplies p little 
more available nitrogen than the Safflower cake. 

(b) Lattrit* Soil. 

He same samples of oil cakes show a djftraace both in 

t mm on ifi cation and nitrification in the Intents soil, The ialkwbw 
table makes tide dear. 

f 
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Table No. 5. 

Ammomfication of various oil cakes in the Laterite soil 


Milligrams of ammoniacal nitrogen per 100 grams of oven dry soil 


Tima. 

Groundnut 

Cake. 

Ordinary. 

Groundnut 

Cake. 

Fat-free. 

Safflower 

Cake. 

Castor 

Cake. 

Control 

0 days. 



Trace 

Trace 

Trace. 

14 days. 

231 

1 83 

086 


Trace. 

28 days. 

886 

6 54 

2-46 

2 23 

029 

42 days. 

15 54 

12 18 

5-17 

4-87 

040 

56 days. 

24 28 


7 79 

7 63 

0-38 

70 days. 

33 16 

23 82 

1011 

10 42 

0-37 

84 days. 

41 82 

29 04 

13 26 

14-80 

0-44 

100 days. 1 

49 45 

34 70 

15 40 

17-40 

0-36 


Here the ammomfiabihty is far lower than that obtained in the 


Medium Black soil. Thi9 is another reason to support the view that 
the process of ammomfication is neither purely chemical nor is it 
purely an enzymic action If it were purely a chemical one the same 
condition of moisture and time would have given the same amount of 
ammomfication even w this sod. Even if it were an enzymic action, 
all the samples except the fat-free Groundnut cake had the enzymes 
safe and they would act in this sod as well. These observations do hint 
that the sod exerts a very considerable influence on the ammomfication 
as well as nitrification and this influence is in all probability a bio- 
chemical one. 

The general figures in the above table leave no doubt that the 
Laterite sod is biologically very poor or at least poorer than the 
Medium Black sod 

Even in the case of nitrification the figures m this sod are very 
low and the samples stand in the same order as in the case of am molli- 
fication 

Table No. 6. 

Nitrification of various oil cakes m the Laterite soil. 


Percent of nitrified nitrogen of the total nitrogen present 


Time. 

Groundnut 

Cake. 

Ordinary. 

Groundnut 

Cake. 

Fat-free. 

Safflower 

Cake. 

Castor 

Cake 

Control. 

0 days. ] 



0 21 

0 38 

0-23 

14 days. 

1-83 


1-58 

1-67 


28 days. 

454 

4 77 

286 

306 


42 days. 

8 22 

887 

5-19 

5-48 

028 

56 days. 

13-76 

12 79 

880 

' 8-93 



19 04 

16 81 

13 09 

13-42 

0*31 

84 days. 

24-39 

20-95 

16-56 

17 02 

0-28 


29-57 

25-65 

18 96 

1 20-40 

0-28 
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The ordinary Groundnut cake nitrifies only to tbo extent of 29% of 
its total nitrogen, while the fat-free Groundnut cake nitrifies to the 
extent of 25%. The corresponding nitrification figures in the Medium 
Black soil are 41% and 34% respectively, showing a large drop in 
nitrification. The Safflower cake and the Castor cake are close to each 
other as in the Med mm Black soil, the Castor cake being slightly better 
than the Safflower cake. The woody fibre m the Safflower cake is 
clearly a handicap in its nitrification. 

(c) Qoradu Sotl. 

The same oil cakes added to the Goradu sod showed interesting 
results. The Goradu sod is distinctly superior to the Latante soil 
although it stands below the Medium Black sod. The idea that the 
lime content of the sod and its biological activity has some correlation 
gains support from these results. The lime percent in Goradu sod is 
double that of Latente sod. The following table presents figures on 
the ammomfication of od cakes. 

Table No. 7. 

( Ammomfication of various od cakes m the Goradu sod ). 

Milligrams of ammoniacal nitrogen per 100 grams of oven dry soiL 


Tims. 

Groundnut 

cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free. 

Safflower 

cake. 

Castor 

cake. 

Control. 

0 days. 

0-32 

0*31 

Trace 

Trace 

Trace 

14 days. 

318 

1*83 

0*82 

054 

0*34 

28 days. 

7-41 

4 71 

1*43 

103 

0*42 

42 dayB. 

14*36 

9 36 

4 56 

5 23 

0 51 

56 days. 

23 53 

14 52 

8 89 

516 

0 52 

70 days. 

36 19 

24*41 

14 38 

11 20 

0*49 

84 days. 

47 45 

*2 12 

18 92 

16*28 

0 43 

100 days. 

58 26 

40 80 

24 14 

19 82 

0*36 


The ammomfication is fturly rapid in this sod though by no «*»»»"« 
equal to that in the Medium Black sod. The fat free Groundnut cake 
is found to be distinctly inferior material throughout the expen* 
ments with all the types of sod. The only point of importance 
here is that the Safflower cake is better than the Castor cake in this 
soil in spite of its high woody fibre content. 

A comparative table for all the soda showing the extent of am* 
wonificatfon after 100 days gives a better idea, 
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TABLE Mo. 8 

( Comparative study of ammomfication of various oil cakes in the 
three different soils.) 


Milligrams at ammomacal nitrogen per 100 grams of own dry 

SOU. 


Time 

Groundnut 

cake. 

Gronndnut 

cake. 

Safflower 

cake. 

Castor 

noke. 

Control. 

1 

Ordinary. 

Fat-free. 


27m MtdtuiH 
Black Soil. 




1 


100 days. 

ThtLaierileSott 

92 21 

64*55 

26 65 

2740 

1*51 

100 days. 

Th* Goradu Soil 

49*45 

34 71 

15*40 

17*40 

0*36 

100 days. 

58 26 

40*80 

24*14 

19*82 | 

0*36 


The figures on nitrification Are also interesting because they prove 
the superiority of the Gorada soil over the Laterite soil. The Safflower 
cake is more suitable than the Castor cake for the Goradu soil is again 
confirmed by the figures on the nitrification as under. — 

Table No. 9 

( Nitrification of various oil cakes in the Goradu soil. ) 

Percent of nitrified nitrogen of the total nitrogen present. 


Soil and 
Tune 

Groundnut 

cake* 

Ordinary 

Groundnut 

cake. 

Fat-frea 

Safflower 

cake. 

Castor 

cake. 

Control. 

t) days. 

0 32 

041 

Trace 

Trace 

Trace 

14 days. 

1 40 

1 24 

0*72 

0 38 


28 days. 

3 68 

2 93 

162 

1*38 

0*38 

4 1 days. 

8 29 

6 83 

3 46 

25) 

0*41 

56 days. 

14 13 

12 54 

629 

5*18 

0*47 

70 days. 

ZO-75 

18*22 

12 30 

12*62 

0*39 

84 days. 

27*17 


15 82 

17 JO 

0*34 

100 days, 

32 95 

29 82 | 

19 52 

17*30 

0*36 


A comparative table for the nitrification of ail the oil cakes after 
• period of 100 days could be presented as follows 
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Table No. 10 . 

0 (Comparative study of nitrification of various loll calces in different 
soila.) 

Percentage of total nitrogen nitrified. 


SoiL 

Groundnut 

cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free. 

Safflower 

cake. 

Castor 

cake. 

Control. 

Hie Medium 
Black. 

41 82 

34-40 

20-10 

9 

3*19 

The Latente 

29 57 

25 65 

18 96 

KIM 

0*28 

The Gorada 

32-95 

29 82 

19 52 

17*30 

0 36 


Thus the etndy of the nitrification of the different oil cakes m the 
different soils ehowa the marked differences in the availability of 
nitrogen of the various materials added to the soil and at once gives na 
the idea about the efficiency Of the material added as manure. This 
also clearly shows that merely a high percentage of nitrogen in a sub- 
stance does not mean much if the rate of its availability is not known. 
Similarly the experiments show also the marked difference in the 
soils, and suggest that the biological Activity of the soils is perhaps a 
more important factor than the physical and the chemical properties. 

5. The results so far examined could be summarised as fallows 

1. The Groundnut cake is the most easily mtnfiable material of 
the Oil cakes ased in the experiments. 

2. The fat-free Groundnut cake is distinctly inferior in nitnflco- 
tion than the ordinary Groundnut cake. 

3. The Safflower cake and the Castor cake compete very closely 
and if a comparison has to be made, the Castor cake nitrifies better 
than the Safflower cake is the Medium Black soil and the Latente 
soil while the Safflower cake stands better in the Goradn sod. 

4. Ammonification and nitrification show a dose relation. 

5. Of the soils examined the Medium Black soil is the most 
active. The Goradn soil comes next and the Latente toil stands last 

6. Tht Lou of Nttrogtn. 

Although under an anaerobe conditions there is no lorn of nitrogen 
during the process of decomposition according to Subramahanyan 
(1927) we find that this is by no means the cose under aerobic condi- 
tions. Josh! (1919) observed each a Ices during the etndy of bioche- 
mical decomposition of Cowdung and Urine, and remarked 
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“ Under aerobic conditions there was lose in all cases but as the 
figures for the loss of moisture under these conditions were not accu- 
rately determined before hand no opinion can be expressed as to the 
relative loss of nitrogen from each of the materials," 

But at another place the same worker remarks that he did not 
find any loss of nitrogen in the decomposition of organic matter, 

A remarkable loss of nitrogen has been found during the experi- 
ments on the nitrification of oil cakes so far e x a mi ned. The loss 
varied with the nature of the oil cakes as well as with the nature of 
the soiL The following table gives the figures of total nitrogen as 
obtained at various stages of nitrification in the Medium Black soil : — 

Table No. 11. 

The total nitrogen of various oil cakes at different stages of nitri- 
fication. 


Milligrams per 100 grams of oven dry soil. 


Days. 

Groundnut 

cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free. 

Safflower 

cake. 

Castor 

cake. 

Control 

0 days. 

413 

443 

314 

280 

H 

14 days. 

412 

443 

315 

278 

KH 

28 days. 

413 

440 

313 

279 

Mil 

42 days. 


441 

312 

276 

Kil 

56 days. 


440 

310 

273 

Bffl 

70 daya 


438 

310 

273 

168 

84 days. 

382 

436 

308 

271 

167 

100 days. 

364 

434 

304 

269 

167 

Net Loss. 

49 

9 

10 

11 

2 


The I039 of nitrogen m the ordinary Groundnut cake sample is the 
greatest As many as 48 milligrams are lost m a period of 100 days. 
Other oil cakes lose comparatively small quantities. Thus the Safflower 
cake loses only 10 milligrams and the Castor cake 11 milligrams dur- 
ring the same period. The control loses only 2 milligrams. The fat- 
free Groundnut cake shows particulary interesting results trmynnrh 
as it loses only 9 milligrams showing the smallest loss. The reason 
for the loss of total nitrogen is probably the process of denitrification 
that always goes on m the soil when nitrates accumulate to a certain 
limit as explained by Warrington (1892). If denitrification Is also a 
b jo- chemical change, the removal of oil from the Groundnut cake 
retards this activity also. 
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The loss of utrogen is different with different soils. The lighter 
the soil the greater the loss. The following table gives the total 
nitrogen os obtained in the Latente soil at various stages : — 

Table No. 12. 

The total nitrogen of various oil cakes at different stages of 
nitrification in the Latente soil. 


Milligrams per 100 grams of oven dry sod. 


Days. 

Groundnut 

cake* 

Ordinary. 

Groundnut 

cake. 

Fat free. 

Safflower 

cake. 

Castor 

cake. 

Control. 

0 days. 

358 

388 

284 

224 

117 

14 days. 

358 

388 

285 

225 

118 

28 days. 

351 

386 

285 

225 

117 

42 days. 

356 

387 

284 

224 

117 

56 days. 

342 

384 

282 


116 

70 days. 

338 

378 

279 

216 

117 

84 days. 

321 

374 

274 

215 

116 

100 days. 

303 

373 

272 

215 

116 

Net lots 

55 

15 

12 

9 

1 


The increased loss in the Groundnut cakes amples is conspicuous 


in the Latente soiL The other samples do not show much difference 
as compared to the Medium Black soil. 

The figures for total nitrogen in the Goradu sod confirm the 
observation made above. The figures are presented in the following 
table . — 

Table No. 13. 

The total nitrogen of various oil cakes at different stages of nitri- 
fication in the Goradu sod. 


Milligrams per 100 grams of oven dry soil. 


Days. 

Groundnut 

cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free. 

Safflower 

cake. 

Castor 

cake. 

Control. 

0 days. 

290 

320 

180 

158 

48 

14 days. 

290 

320 

181 

158 

48 

28 days. 

289 

319 

181 

156 

47 

42 days. 

285 

318 

178 

157 

48 

56 days. 

278 

316 

179 

154 

♦7 

70 days. 

268 

308 

178 

154 

46 

84 days. 

252 

302 

176 


46 

100 days. 

225 

300 

174 

150 

46 

I fa lots. 

65 

20 

6 

8 

2 
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A comparative study of the different toils and different samples of 
oil cakes will give a clear idea for which the following table will to 
useful : — 

Table No. 14. 

( A comparative study of the loss of nitrogen in different soils with 
different oil cakes. ) 

Milligrams of total nitrogen lost per 100 grains of oven dry soil in 
a period of 100 days. 


SoiL 

Groundnut 

cake. 

Ordinary. 

Groundnut 

cake. 

Fat-free 

Safflower 

cake. 

Castor 

cake. 

1 

The Medium Black* 

48 

9 

19 

n 

2 

The Laterite* 

35 

13 


9 

1 

The Goradu, 

63 

20 

H 

8 

2 


Thus the loss of nitrogen in the Groundnut cake is found to be 
the greatest in all the soils If soils are compared, the Goradu sod 
loses comparatively more nitrogen than the Medium Black and the 
Laterite soils, 

The loss is chiefly found to be considerable when large quantities 
of nitric nitrogen begin to accumulate. 
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ACTION OF ACETIC ANHYDRIDE AND SODIUM ACETATE 
ON THE ANHYDRIDES OF {3-ARYL-GLUTACONIC 
ACIDS — 

FORMATION OF GLUTACONYL-ACETIC ACIDS. 

Bu 

DATTATRAYA BALKRISHNA LIMAYE AND VISHNU MAHADEV BHAVE 
Introduction — 

Based on an earlier observation by one of ns a simple method has 
been developed in this laboratory of preparing a number of (3-aryl- 
glutacomc acids and the formation of the corresponding anhydride 
in a typical case of |3-(4 methoxy -phenyl) -glutaconic acid has been 
described u the Jonrnal of the Indian Chemical Society 1931, 
8,139. This anhydride titrates with alkali as a monobasic add 
and gives a colouration with ferric chloride In order to account for 
similar properties of the substituted glutaconic anhydrides studied by 
Thorpe and Collaborators, an hydroxy anhydride structure, as dis- 
tinguished from the “ normal,” has been suggested by them and acetyl 
derivatives have been prepared by the action of acetyl chloride on the 
OH group in some of the cases ( J. Chem Soc 1911, 99, 2187 ; 1912 , 
101, 858 ). With a view to prepare a similar neutral acetyl derivative 
the action of acetic anhydride was first tried on the 3 — (4-methoxy- 
phenyl)-glutaconic anhydride It was soon observed however that acetic 
anhydride alone had no action, but that in the presence of fused sodium 
acetate products were obtained which proved to be different from the 
expected neutral acetyl derivative Further investigation has led to the 
discovery of glutaconyl acetic acids and related compounds, which form 
the subject of the present communication. 

Thtoretical 

The product obtained from 0 - (4-methoxy-phenyl)-glutaconic acid 
by the action of acetic anhydride and sodium acetate under conditions 
described in the experimental part, melted between 115° to 125°C and 
was obviously a mixture. Three substances were ultimately separated 
from this an acid M.P. 132° C forming the mam product, a neutral 
product M.P. 112°C and a ketomc acid M P. 125°C. Out of these 
only the acid M.P. 132° gave a colouration with ferric chloride. The 
substance M. P 112° resulted from the acid M.P. 132° by the loss 
of one molecule of CO s . It thus became clear that, the nature of the 
reaction was not that of the acetylation of the colour giving OH of the 
anhydride of the glutaconic acid. 
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A closer study of the properties of the three substances revealed 
the following inter-relation : — 

Acid M.P. 132° Substance M.P. 112° 

Cm Hu Oi — CO, -> Cm Hu Oi 

Eq. wt 260 —44 -► Mol. wt. 216 




This indicated that the acid M.P. 132° was the primary product 
of the reaction and the other two substances were by-products. It 
appeared probable that the substance M.P. 112° was a lactone of the 
ketomc acid M.P. 125° and that the substance M P 132° was a 
lactonic acid. It was therefore decided to determine the structure of 
the ketomc acid M.P 125° first 


When heated above its melting point the ketomc acid gave a 
neutral ketone Cu H w 0, M P. 48°, by loss of CO,. This ketone 
on oxidation with chromic acid gave anisic acid, a fact which did not 
throw much light on the constitution. However when oxidised by 
Iodine in alkaline solution an acid Cu H 12 O, M P f 155° waa 
obtained which was (identified as paramethoxy-g-methyl-cwnamic 
acid. This fixed the structure of the ketone M. P. 48° as ( 4-methoxy- 
a-methyl) benzylideneacetone or in other words— a-acetonyl a- 
( 4-methoxy-phenyl ) -ethane. 


CH, 0 . Cfl H 4 . C a CH.CO. CH, ( 1 ) 


CH, 


The oxidation reaction is similar to that of benzylideneacetone to 
cinnamic acid by alkaline hypochlorite. 

The structure of the Ketomc acid M.P. 125° could now be ropro* 


seated as CH,0. C« H 4 . C< CH ‘ C0 ‘ CH * 

CH,. COOH 

The alternative structure CH,0. 

CH, 


was set aside as the properties of the acid did not accord with thfw e of 
a 3 -Ketomc acid and the formation of a lactone, not containing a 
carbonyl group could not be explained. Moreover the structure of the 
keto acid is confirmed, as on reduction it passes into $•( 4-methoxy- 
phenyl )-T-aceto-butyric acid which is a known substance, 
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CHf.CO.CHi 

CH,0. C, H* CH < CH ^ C0QH (IU) 

Hence the action of acetic anhydride and sodium acetate on P*( 4- 
methoxy phenyl ) -glutaconic anhydride can be represented as, 
pu rn 

CH, O. C*H 4 . C< „„ „ >0 + CH„ COOH (Na)-H,0 + 

9 - (4 - Methoxy- phenyl) -glutaconic anhydride (hydroxy form) (IV) 

CH. C-CH. COOH (Na) 

CH,0. C,H«. C< >0 
CH-COH 


p-(4-Methoxy-phenyl)-glntaconyl-acebc add (V) 

The glutaoonyl-acetic add then gives, by* decarboxylation the 
neutral substance M. P. 112° 


CH,0. C,H|. C< 


CH. C - CH, 


'CH,. CO 


>0 


9 — (4- Methoxy-phenyl) -methy- 
lene glntaconide 

(VI) 


The corresponding 1 Normal ‘ or 1 keto * form of the glntaconyl- 
acetic acid has also been isolated. Regarding this as also the effect of 
conjugation on the coarse of the reaction, will be reported in a future 
communication. 

The reaction has been extended to five other glutaconic 
anhydrides. 

It will be seen that the reaction resembles Perkin's reaction for 
unsaturated acids of the cinnamic type or to be more correct the 
Gabriel’s extentlon of Perkin's reaction to phthakc anhydride ( Benchte 
1893, 26, 952 , 1896, 29, 2518 ). The parallelism is so dose that 
it can be followed through almost the entire senes of related compounds 


viz. 

( 1 ) 

(a) Phthalic 
anhydride. 

(b) Glutaconic 
anhydride 

(4) 

(a) Dibasic {3 
Ketouc acid. 

(b) Unstable 9 
ketomc 
disbasicactd 
(not isolated). 


( 2 ) 

Phthalyl-acetic 

acid. 

Glutaconyl-acetic 

acid. 


(3) 

Methylene 

phthahde. 

Methylene* 

glntaconide. 


(5) (6) 

Acetophenone Acetophenone. 

ortho-carboxylic 

acid. 

P-4-Methoxy-phenyl-Y* Methylbenzy* 

ace to-viny lace tic acid, lidene acetone. 
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Experimental : — 

(1) Isolation of the three products formed by the action of acetic 
anhydride and sodium acetate on (3-( 4-methoxy-phenyl )-glutaconic an- 
hydride. (IV) 

As the (3-aryl-glutacomc acids are readily converted into the an- 
hydrides by the action of acetic anhydride! it was found possible to use 
the acids themselves as starting material, provided sufficient acetic 
anhydride was used for the reaction. 

A mixture of 5 grms. of (B-( 4-methoxy-phenyl )-glutaconic add* 

5 grms. of fused write™ acetate and 7.5 c.c. of acetic anhydride is 
heated at the temperature of boiling water bath for 7 to 10 minutes. 
The resulting red liquid is poured in 100 c.c. of water, stirred and 
allowed to stand for two hours. A brittle cake separates, it is removed 
by filtration and on purification yields an acid M. P. 132° ( yield 3 
grms.). On leaving the filtrate over night a second crop of reddish 
crystals is obtained, separable by boiling water into an acid M. P. 125° 
(0. 4 grams ) and a neutral substance M. P. 1 12° (0 3 grin.). The last 
two substances are more conveniently prepared from the acid M. P. 
132°, the following modification serves as a preparative process for 
the acid M. P. 132° . 

(2) $-( 4-Methoxy-phenyl)-glutaconyl-accttc acid Af. P. 132? (V) 

After pouring the melt in water as described above about 8 c c 

of hydrochloric acid (1.16) are added. The sticky mass that solidifies 
in about an hour is filtered off and washed. It can be purified by cry- 
stallisation from glacial acetic acid or alcohol. Best results are obtain- 
ed by exactly neutralising with normal caustic soda, filtering and pre- 
cipitating the filtrate by the addition of 10 normal caustic soda, collect- 
ing the sodium salt, washing it with small amounts of water and re- 
generating the acid by hydrochloric acid, and crys tallising it from 75% 
acetic acid. The acid thus obtained melts at 132° without decomposi- 
tion. In alcoholic solution the acid gives a strong violet colouration 
with feme chloride. It is insoluble m water, sparingly soluble in 
dilute acetic acid, alcohol, acetone, and benzene, nnH soluble in ether. 

Found C ■ 64 5 ; H ■ 4*6 Equivalent » 261 

Cm Hu Oi requires C ■ 64 6 ; H ■ 4 6 „ ■ 260 

It gives paramo thoxy acetophenone on boiling with 15% caustic 
alkali. 

(3) $-(4-Methoxy-ph*nyl)-V-acei(hvinylacettc acui ( II ) 

A dear solution of the glutaconyl acetic acid M. P. 132? 5 grms. 
dissolved in 125 c.c. normal caustic alkali is allowed to stand over 
night and then warmed on water bath for half an hour, cooled, extract- 
ed with other to remove some oily imparities and acidified with dilute 
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hydrochloric acid, keeping the eolation cooL The solid that separates 
is somewhat sticky and its purification requires care. It is first cry- 
stallised from 75% acetic acid and then from hot water avoiding long 
boiling. The perfectly white crystals melt at 125° with decomposition. 
Found C *66 3,H*6 15% Equivalent ■ 233 

Cu Hu 0 4 requires C «=66 6,H—60 % Equivalent ->234 

The acid gives no colouration with ferric chloride. It is soluble in 
ether, benzene, chloroform acetone and alcohol, and sparingly soluble 
in acetic acid and water. 

The semtcarbazone of the acid melts at 155° with decomposition 
and titrates as a monobasic acid. Found equivalent 293. Cu Hit O 4 
N| requires equivalent 291. 

The Phenyl hydrazone of the acid melts at 165° with decomposi- 
tion. Found equivalent 325. Ci 9 Hgo O* Ns requires equivalent 324. 

The Oxttne melts at 190° with decomposition. 

The ethyl and methyl esters of the acid cannot be prepared by 
the Fischer-Spier method as the formation of the lactone M. P. 112° 
is favoured. The same can however be prepared through the silver 
salt by the action of alkyl iodides, but cannot be purified, as even 
distillation in vacuum gives the lactone. 

(4) pf 4*Methoxy-phenyl )-methylene glutacomde (VI) 

This lactone of j3-( 4-methoxy phenyl )-T-aceto-vinylacetic acid 
can be obtained as described in Exp 1 , or by the action of acetic 
anhydride on the ketomc acid. It is best prepared by heating 5 gnus, 
of the glutaconyl-acetic acid with 10 c.c. of 30% hydrochloric acid 
over a sand bath for 2 hours and pouring the resulting solution 
m water Ihe solid that separates is filtered off, treated with cold 
dilute alkali, filtered, washed with water, and finally crystallised from 
alcohol. The beautiful plates with pearly lustre melt at 112° yield 
2. 3 grms. 

Found C - 72 0 , H * 5 7% 

C u Hi a O| requires C - 72.2 , H °= 5.6% 

It gives no colouration with ferric chloride. It is insoluble in water 
and dilute acetic acid, sparingly soluble in alcohol, glacial acetic acid and 
benzene, and soluble in ether and chloroform. On hydrolysis with 
alkali it gives the ft-Keto acid M.P. 125°. It does not react with 
ketomc reagents. 

(5) (4- Methoxy-a-methyl-benzyhdene) -acetone (I) 

The acid M P. 125° (Exp.3) is heated above its melting point till 
the evolution of CO* ceases and then du. tilled under reduced pressure. 
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A liquid puses over at 145° at 5 m,m. pressure. It is purified by 
redistillation when a neutral solid M.P. 48°, is obtained. 

Found C-75-5;H.-7*6% 

Cu Hji 0} requires C ■ 75*8 ; H * 7*3% 

The Semtcarbaaone M P. 193° 

Found C «■ 63 3 ; H “ 6 . 8 % 

C« H« Of Ni requires C m 63 2 , H ■ 6.9% 

The Phenylhydraeone M.P. 70° The Oxime M P 107° 
Oxidation of the Ketone —A mixture of 2 grans of the ketone 
M.P. 48° and 25 c.c. of 4 normal caustic alkali is shaken for an hour 
with the addition of 9 grins, of Iodine, allowed to stand for 3 hours, 
treated with sodium sulphite, acidified and left over night. The crystals 
that separate, on purification, melt at 154° to 155°. 

Found C = 68 . 8 , H ■ 6 1 % , Equivalent ■ 192 

CnHiiOi requires C ■ 68 76 , H = 6.25% , „ ■ 192 

This acid was identified as pammethoxy 0-methyl-cinnamic 
add by mixed melting point with the known compound and by its 
conversion into the known paramethoxy-iso-propylene benzene 

( 6 ) 0-f 4-Methoxy^phenyl)-T -acefo butyric acid (ill) 

0 (4-Methoxy phenyl )-T -ace to-vinylacetic acid (10 grms ) is 
neutralised with dilute caustic soda and reduced with the slow 
addition of 100 grms. of 4 % sodium amalgam. After 2 hours the 
solution is filtered, acidified and the separated acid purified by crystalli- 
sation first from water and then from dilute acetic acid. The acid 
melts at 104° and can be distilled under reduced pressure 
Found C = 66 . 0 , H = 6 . 6 % Equi » 235 

C 11 H 11 O 4 requires C = 66 . 1 , H = 6 . 8 % „ *■ 236 

The acid was identified as the known (3 (4-methoxy phenyl )•!'- 
aceto-butync acid by preparing the semicarbazone M. P. 190°, the 
Oxime M. P, 169° (Vorlander, Annalen 1806, 294, 253,) and the 
ethyl ester B. P. at 5 m.m 190° to 195°, which in turn was converted 
by sodium ethoxide into amsyl dihydro resorcin a known compound 
( Vorlander, 1 . c. ), 

The reaction has been extended to five other 0-Aryl glutacomc 
acids and the various products obtained by similar methods resemble 
in properties with corresponding compounds described above. They 
are assembled m the following table. 



S. No. I Substance IMP I Formula 
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INHIBITIVE POWER OF GELATINE 

Ar 

B N DESAI and B M.NAK. 

Bolam and Desai (Trans. Faraday Soc., 24 , 50, 192S) have 
observed that the time required for the appearance of red coloured 
precipitate from a yellow mixture of AgNO« and K»CrO* m gelatine 
decreases and its Ph increases on subjecting it to hydrolysis. This 
property of preventing the precipitation of insoluble salt has been 
termed “ mhibitive power Desai and Nabar ( Journ. University of 
Bombay 1, Part II, 28, 1932 ) have shown that the inhibitivo power of 
gelatine with reference to AgjCrO, increases on decreasing the p H of 
gelatine Desai and Nabar ( Trans. Faraday Soc. 28, 449, 1932; also 
see Bolam and Mackenzie, ibid, 22, 151, 162, 1926) have further 
shown that in the yellow coloured mixture Ag,CrO, exists in ionic 
condition. In the present paper are given the results of the study of 
precipitation of AgjCrO^ Agl and Pbl* in gelatine under different 
conditions. 

(a) Preparation of Ag t CrO t tn samples of gelatine of different 

The gelatine used m these experiments contained 1.17756 ash and 
1856 moisture. The mhibitive power was determined in exactly the 
same manner as before. The pQ of gelatine was determined colouro- 
metrically. Samples of gelatine having different p H were prepared by 
adding suitable amounts of acetic acid or sodium acetate. Experi- 
ments were carried out by using different equivalent amounts of the 
reactants. The results of these experiments are given in Tables I to 
VII. 
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Table VI. 

Total Volume of mixture = 20 c. c. 
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Table VII. 

Total volume of mixture " 20 c. c. 
Concentration of gelatine = 3%. 
p H of gelatme “ 6 00. 

5 c. a ctJL AgN0 *+ 5 c. c. of K,Cr0 4 


c a of gelatine. 

Time of Inhibition in minutes. 

3-8 

2 

+ 1 

4 

44 

7 

47 

13 

50 

20 



gelatine solution against the time of inhibition for different equivalent 
amounts of reactants in gelatine having p B 5.52. It will be seen from 

the figure that as the amount of the reactants decreases the curve is 

M 
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displaced more and more towards the Y-axis and that the curves ate 
displaced by almost the same distance for a change in the amount of 
the reactants by 1 c, c. It would thus appear as if the amount of the 
reactants whose curve corresponds to the ordinate will approximately 
give an idea about the solubility of AgsCrO* m that particular sample 
of gelatine. The curves for other samples of gelatine are also exactly 
of the same nature as those given in Fig. 1. The solubility of 
AgiCrOi in gelatine of p a 5,75 calculated on the basis of above ideas 
comes to about ID times more than that in water The solubility of 
Ag s Cr0 4 m samples of p H 4 5 and 6 0 comes to about 10% more 
than that in gelatine of p H 5 75 It would thus appear that although 
with slight changes in the p H of gelatine the mhibitive power changes 
considerably, the solubility of AgiCrO* in gelatine is not affected to 
any appreciable extent by those changes These results are therefore 
in line with those obtained by Desai and Nabar ( Journ. University 
of Bombay, loc. at.). 

In Fig, 2 is plotted the amount of gelatine (C) against the time of 


Fig. 2. 
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Inhibition (T) for samples of different pg in the case of 5 c. c, of 

j-AgNOi+5 c, c. CrO* It will appear from the figure 

that the carves for samples of gelatine of p H either smaller or larger 
than 5 75 are displaced towards the left of the cnrve for p H 5-75. Also 
as the Pn increases or decreases more and more than 5 75 the corvee 
are displaced more and mote towards the ordinate. The corves ob- 
tained with different amounts of the reactants show exactly the same 
behaviour. These results thus show that the inhibitive power of gela- 
tine of Ph 5*75 is minimum and that the mhibitive power of other 
samples of gelatine of pg smaller or larger than 5 75 is greater than 
that of sample of pg 5 75. These results have a very important bear- 
ing on the nature of rings of AgjCrO* in gelatine for as argued by Desai 
and Nabar (Journ Indian Chem Soc* 9, 141, 1932) there might be a 
definite range of pg of gelatine within which good rings can be ob- 
tained. This pomt will however be dealt with m another paper. 

In Fig. 3 is given the plot of log C and log T for the same values 


Fig. 3 
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whlqh have boos mod in Fig. 2. It will appear from this <i pn that 
the plot is a straight lino and the relation between C and T can be ex- 
pressed by an equation of the form 

T-K(C)“ 

where K and m are constants The time of inhibition thus vanes ex- 
ponentially with the amount of gelatine. 

In Table VIII are given the results of uhibitive power of gelatine 
with reference to Ag*CrO, obtained m another manner. In these ex- 
periments the amount of AgjCrO* that can be kept in the mixture for 
10 minutes before the appearance of the red colour when 6 c. c. of 3% 
gelatine solution are added, has been determined. 

Table VIII. 

Total volume of the mixture ■ 20 c. c. 

Concentration of gelatine *• 3%. 

Amount of gelatine ■ 6 c. c. in 20 c. c. of mixture. 

Time of inhibition ( fixed ) “ 10 minutes. 


p H of gelatine 

c - c ofi| Ag,Cr0 4 

4-25 

22-0 

4-50 

12 0 

4-75 

86 

5 00 

68 

5-25 

6-1 

5 52 

57 

5 75 

53 

6 00 

56 

6 25 

64 


It will appear from the results given in the above table that here 
also gelatine of p B 5 75 has got the smallest inhibttive power, while 
samples of gelatine having p B smaller or larger than 5 75 show greater 
inhibitive power. 

I (6) Changes in Inhibttive Power and Gold Number qf Gela- 
tine Hydrolysed to Different Extents 

The hydrolysis of gelatine was carried out by boiling a 3% solu- 
tion in a silica flask in a paraffin bath whose temperature was main- 
tained at 115°C. Any loss in weight due to heating, which was always 
small, was made good by adding distilled water. The inhibttive power 
was determined by finding out the amount of AgtCrO« that can be 
kept in solution state (ue., till the red coloured precipitate appears) for 
10 minutes, the volume of the mixture being kept constant throughout. 
The gold numbers were determined in the usual manner. The result! 
pf these experiments are given in Table IX, 
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Table IX. 

Total volume of mixture (for inhibitiva power) - 20 c. c. 
Cone, of gelatine m 3%. 

Cone, of gelatine (for protective power) ■ 0-001%. 
Time of inhibition m 10 minntea. 


Gelatine hydrolysed 
for hoars* 

Resulting p fl 

* N 

C.C.Of JQQ 

AgjCrOi* 

Gold Numbers. 

0 (dispersed 
at 40°C.) 

5-52 

5 67 

0125 

1 

5 34 

560 

•0139 

2 

5 57 

5 55 

0149 

4 

5 62 

550 

0160 

7 

5 69 

5 40 

•0168 

10 

5-72 

5-35 

•0172 


It will appear from the table that on hydrolysing the gelatine its 
p a Increases. This is in agreement with what has been observed by 
Bolam and Desai (loc. cit.) and by Desat and Nahar (Trans. Faraday 
Soc., loc. cit.). Also hydrolysed gelatine is found to be less effective 
in preventing precipitation than nnhydrolysed gelatine. Bolam and 
Pesal (loc. cit) got a clear indication of a maximum in the value of 
time of inhibition (mhibitive power) at a certain stage of hydrolysiB. 
Such a mflTimnm m the mhibitive power has not been observed in the 
present case, probably due to the fact that hydrolysis has been carried 
out at a higher temperature. 

The gold numbers increase on hydrolysing gelatine. If the gold 
numbers are taken to indicate the protective power of gelatine as is 
usually done, the results show that the protective power of gelatine 
decreases with an increase in the degree of hydrolysis Ganguly (Journ. 
Indian Chem. Soc., 3,177, 1926) observed that on hydrolysing gelatine 
the gold numbers first decrease and then increase. In view of the fact 
that gelatine solution has been boiled freely in silica flask in Ganguly’s 
as well as our experiments it is not understood why a minimum in the 
value of gold numbers has not been observed in the present case. 

In order to see how far the changes in the mhibitive and protect* 
Ive power of gelatine on hydrolysis are brought about by a change in 
the acidity of gelatine, some experiments were also carried out by 
bringing back the p H of hydrolysed gelatine to original value and then 
determine its mhibitive power and gold numbers. These results are 
given u Table X. 
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Table X. 


Inhibitivo and protective power on restoring p H to original value. 


Gelatine hydrolysed 
for hours. 

p H of hydrolysed 
gelatine brought 
back to the value 

, N 

c * c ' of i oo 

Ag,CrO«. 

Gold Numbers. 

i 

5 52 

5 66 


2 

5 51 

5 67 


4 

5 50 

5 66 


7 

5 52 

5 67 


10 

5 50 

5 67 



It will appear from the above table that on restoring the pH of 
hydrolysed gelatine to its original value ( 1 . e„ to the value of p fl of 
unhydrolysed gelatine) both the inhibitivo power as well as gold numbers 
become the same as for unhydrolysed gelatine. These results thus 
show that changes in inhibitivo and protective power brought about by 
hydrolysis are mainly due to a change in acidity of gelatine. 

Bolam and Desai ( loc . cit . ) have stated that obviously inhibition 
and protection do not go hand in hand for there is a difference in the 
function of gelatine in the two cases. In the former r61e gelatine 
opposes the formation or growth of crystallisation centres and thus 
gives rise to a highly supersaturated solution, in the latter rile gelatine 
prevents aggregation of small particles to larger masses and thus gives 
rise to a colloidal solution On comparing the results of inhibition and 
gold numbers on hydrolysis it will appear that if gold numbers are taken 
to indicate the protective power, both mhibitive and protective power 
of gelatine decrease on hydrolysis This is apparently not in agreement 
with the view of Bolam and Desai. Hydrolysis increases the degree 
of dispersion of the precipitate as has been observed by Bolam and 
Desai (loc. cit.) as well as m these experiments. This is due to the - 
fact that there is less resistance to the growth of crystallisation centres 
in the former case (less mhibitive power ) and therefore if the number 
of crystallisation centres is large, one would naturally expect that, other 
things remaining same, the particles of the precipitate will be smaller 
in hydrolysed than m unhydrolysed gelatine. The changes in the gold 
numbers on hydrolysis can be due to either changes in the protective 
power as seen from finer precipitate or changes in the acidity of gelatine 
which affect coagulation of gold soL The original gold number having 
been obtained on restoring the original p fll it appears that the gold 
number changes on hydrolysis are mostly due to the effect of cbangeq 
pf acidity on the coagulation of gold sol, 
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In Table XI ara given the values of gold numbers for samples of 
unbydrolysed gelatine of different p H . 

Table XI. 


p H of gelatine made 
equal to that of hy- 
drolysed gelatine. 

Gold Numbers. 

5 57 

I -0139 

5-62 


5 69 

•0165 

5-72 

•0172 


It will appear from the results that with a decrease in the acidity 
of gelatine the gold number increases. Also whether the changes in 
p a are brought about by hydrolysis ( Table IX ) or by adding sodium 
acetate ( Table XI ) the gold numbers change in the same fashion and 
almost to the same extent for same changes in Pg. 

The changes in the mhibitive power of gelatine on hydrolysis 
would also seem to be wholly due to changes in its acidity as shown by 
resultB given in Tables VIII, IX and X. These results thus show that 
changes in the mhibitive power and gold numbers on hydrolysis are 
due to changes m its p H . 


Dia. A. 
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dud light On mixing solutions of AgNOi in gelatine, and KI in gelatine, 
the mixture attained somewhat greenish colour although no precipitation 
was Msible. When precipitate of Agl began to separate from the 
mixture the colour changed to whitish yellow. The time required to get 
the whitish yellow colour of the same intensity as the standard was 
taken as a measure of inhibit! ve power m each case. The results of 
these experiments are given in Table XV. 

Table XV. 

Total volume of mixture— 20 c. c. 

Concentration of gelatine —3%. 

3 c c of^ KI+ 3 c. c. of £ AgNO, 

Column ( 1 ) c. c. of gelatine and column ( 2 ) Time of inhibition in 
minutes. 


Ph" 

45 

Ph* 

4- 75 

p H -5 00 

Ph“ 

5 25 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 1 

(D | 

(2) 

64 

H 

58 

8 


n 

52 

8 

80 

Bs 

73 




66 

16 

92 

Efl 

84 




76 

24 

10-0 

K9 

92 


86 


83 

32 





Ph~ 

6 00 

Ph"6 25 

(0 

(2) 



(1) 

(2) 

(i) 

(2) 

50 

8 

n 

8 

45 

8 

4-1 

8 

63 

16 

mm 

16 

57 

16 

52 

16 

7-4 

24 

Kill 

24 

66 

24 

61 

24 

8! 

32 

H 

32 

73 

32 

6-7 

32 


It will be seen from the above table that for all samples of gelatine 
the uhibitive power increases with an increase in amount of gelatine. 
Thu has also been observed in the case of AgjCrO*. In Fig. 4 u given 
the plot of the amount of gelatine added (C) and the time of inhibition 
(T) for different samples of gelatine. It will appear from toe figure that 
as the p H of gelatine decreases the curves are displaced more and more 

away from the ordinate. In other words the inhibitive power decreases 
with a decrease of p H of gelatine solution. Thu behaviour is therefore 
quite different from that with AgtCrO* Thu difference in the inhibitive 
power u toe two cases probably influences the nature of nags of Agl 




































a 5 3 3 S * . 

la this cue also as with AgjCrO, the plot of log Chad log T it a 
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straight line. The inhibit! ve power that varies exponentially with the 
amount of gelatine. 

III. PrectpttaitoH ofPbI$ tn samples of Gelatine of different 

When Pb (NOf}« in gelatine and KI m gelatine are mixed, the 
mixture is clear and colourless. However on allowing the mixture to 
stand the colour becomes greenish in the beginning and yellow later on. 
The greenish coloured mixture did not contain any particles of Pblj and 
was clear, while the yellow coloured mixture was opaque. The time 
required to get both greenish and yellow colour of the same intensity as 
the standards was taken as a measure of inhibitive power in each case. 
The results are given m Table XVI. 

Table XVI. 

Total volume of mixture «20 c. c. 

Concentration of gelatine - 3%. 

2*5 c. c. of ~ KI+2’5 c. c. of |Lpb (NO*)* 


Column (l) c. c. of gelatine and columns (2) and (3) Time of 
inhi bition in minutes for appearance of greenish and yellow colour res- 
pectively. 


pu =5«52 


I 

||| 

P u =4*75 

P n =*5 

in 


(3) 

a) 

(2) 

(3) 

H 

(2) 

(3) 

0) 

(2) 

(3) 

(1) 

(2) 

(3) 

102 

2 

3 

94 

2 

3 

98 

3 

6 

8-6 


2 

114 

2 

3 

10.8 

3 

7 

lull 

3 

6 

iTiyl 

5 

10 

9-2 

2 

4 

12-0 

3 

7 

114 

7 

11 

10 6 

6 

9 


9 

15 

98 

3 

7 

12 6 

7 

13 

12-0 

11 

19 

112 

8 

15 

114 

13 

25 

10-4 

6 

12 

132 

14 

25 

12-6 

i 

19 

35 

118 

14 

24 

[E2J 

21 

37 

MM 

ELI 










j 



11*6 

— 

33 





It will appear from the table that, as in the case of AgjCrO. and 
Agl, here also the inhibitive power increases with an increase in the 
amount of gelatine added. In Fig. 5 is plotted the amount of gelatine (C) 
against the time of inhibition (T) m different cases. It will be 
seen from the figure that the curves for p H greater or smaller than 
5 0 are displaced towards the right of the curve for p H 5*0. In other 
words the inhibitive power of gelatine with reference to Pbli is maxi- 
mum for p H 5 0 and smaller for higher or lower valnes of p H . This 
behaviour of inhibitive power might have an important bearing on the . 
nature of Pbl a nogs in gelatine. The Pbli rugs in samples of gelatine 
Of different Pg axe under investigation, 
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Fig. 5. 



Inhibitive power of samples of gelatine of different pj, with re- 
ference to precipitation of AgjCrO^ Agl and Pbl» has been determined. 
In all the cases the inhibitive power increases with an increase in the 
amount of gelatine added and the plot of log C ( amount of gelatine 
added) and log T (time of inhibition) is a straight line. It is found 
that the inhibitive power with reference to AgjCrO. is minimum for 
gelatine of p H 5 75 and is greater for higher or lower values of pg. 
In the case of Agl the inhibitive power continuously decreases with a 
decrease of Pg of gelatine. The inhibitive power with reference to 
Pbli is maximum for gelatine of p H SO and is smaller for higher or 
lower values of p u . It is suggested that the difference in the inhibi- 
tive power with reference to AgjCrO* Agl and Pbl ( might have an 
important bearing on the nature of rings of these substances in 
gelatine. 

On hydrolysing gelatine, its p H and gold number increase while 
inhibitive power with reference to Ag|CrO« decreases. When gelatine 
solution is electrodialysed, its pg and grid number decrease while inhi- 
bitive power with reference to AgjCrO, increases. On bringing back 
the pg of gelatine to its original value both the original inhibitive 
power and gold numbers are restored, thus showing that the charges 
are mainly due to changes in p B of gelatine. It is observed that the 
products of hydrolysis have less protective power than products of 
electrodialysis. 
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Note — Since the present paper was submitted for publication there 
has appeared a paper by Bolam and Donaldson (Trans. Faraday Soc., 29, 
864, 1933 ) on the influence of gelatine on precipitation of silver chro- 
mate. From Fig 1 of their paper it is clear that the mhibitive power 
( property of preventing the precipitation of insoluble salt ) of gelatine 
steadily increases with an increase of acidity of gelatine ( p H range tried 
by them is 5 7 to 4 3 ). Our results ( Fig. 2 of our paper ) also point 
to the same conclusion for the same range of p„ and their results thus 
completely support our results On p. 876 of their paper Bolam and 
Donaldson have calculated the degree of supersaturation according to 
the theory of Von Weimarn ( Kolloid — Z , 2, 199, 1908, etc.; 3, 3, 
1908, etc, 4, 27, 1909 , Grundzuge der Dispersoidchemie, 1911 ; Zum 
Lehre von dem Zustanden der Materie, 1914 ) and found that the 
degree of supersaturation increases slightly as the p H decreases from 
3 7 to 3 0, and then falls off more rapidly as the p H is further decreas- 
ed. They conclude that the degree of supersaturation, and therefore 
the mhibitive action of the gelatine, probably has an optimum value at 
P h b 3 0. It is difficult to reconcile this latter conclusion with the in- 
ferences that can be drawn from Fig. 1 of their paper as well as with 
our present results. It may however be pointed out that the optimum 
value of supersaturation for gelatine of p H ™5’0 seems to influence con- 
siderably the nature and number of AgiCr0 4 rings u gelatine, for as 
our results have shown ( will be published in due course) best rings 
are obtained in samples of gelatine of p a range 5 0 to 5*25. 



THE ACTION OF NITRIC ACID ON TIN 

By 

G & KASBEKAR and A. R NORMAND 

Introduction. 

The reaction between mtnc acid and metals has been studied by 
many workers, but as it is very complex no general conclusion has yet 
been reached. At the end of this reaction there are generally present 
not only the nitrate and nitrite, but also a large number of reduction 
products of the acid. Ackworth and Armstrong (Jour. Chem. Soc. 
32, 54, 1877 ) suggested that the nitrate was formed first, along with 
nascent hydrogen, which would reduce the excess nitric acid. Divers 
attempted to explain the formation of ammonia during the reduction 
(Jour Chem. Soc. 43, 465, 1883) and Veley (Proc. Roy Soc 46, 216, 
1890 ) attributed the inception of the reaction to the presence of nit- 
rous acid Graelin ( Hand book of Chem. London, 359, 397, 1849) 
supposed that the metals are first oxidised, the oxide then dissolving in 
the acid to yield the nitrate. If the metal decomposes water there 
would also be products such as ammonia, hydroxylamjne, etc Bancroft 
(Jour. Phys. Chem. 28, 475, 1924 ) considers the reaction as a case of 
electrolytic corrosion, and points out that the hypothesis of Ackworth 
and Armstrong is a special case of this. On the same basis Milligan 
(Jour. Phys. Chem 28, 744, 1924) and Joss (Jour. Phys. Chem. 1222, 
30, 1926) have presented a systematic scheme representing the stages 
in which the reduction of mtnc acid proceeds, but this scheme has not 
yet been proved to be applicable when the reduction is due to metals. 

The literature shows that no worker has made a complete study 
of the reaction between a metal and nitric acid. In the case of tin Ack- 
worth and Armstrong studied the gaseous products, whereas Walker 
and Veley (Jour. Chem. Soc. Trans. 846, 1893 ) studied the conditions 
in which tin goes into solution. It appeared to us that a systematic 
analysis of all the products formed m the mixture during the reaction 
between a metal and nitric acid, under varying conditions, would lead 
to definite conclusions about their stability and their causes of forma- 
tion. Tm was chosen for a complete study on account of its ampho- 
teric nature, its multivalent behaviour, and the instability of its com- 
pounds. 

Experimental. 

For the study of the products in solution, the following procedure 
was adopted. A known amount of the acid, of a definite concentration, 
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was Introduced into a graduated 250 c. e. flask, kept in a water thermo- 
stat. The air was displaced by bubbling carbon dioxide through the 
acid for a long tune. Small pieces of tin foil wen introduced, and the 
time was measured for it to dissolve completely Then the contents 
of the flask were diluted to 230 a c. and the mature was analysed 
qualitatively and quantitatively. The stannous tin was estimated by 
the iodine method of Lenssen as modified by Hallet (Jour. Soc. Chem 
Fig. 1 . Indus. 35, 1087, 1916). The 

stannic tin was determined as the 
difference between the stannous 
and total tin. The total tin was 
estimated by weighing it as stannic 
oxide Kjeldahl's method was 
used for the estimation of amfijb- 
nia, with due precautions on ac- 
count of the presence of other subs- 
tances. Hydroxy lamino was esti- 
mated by converting it to ammonia 
by the use of titanium chloride. 
The nitrates I were estimated by 
the oxidation of ferrous chloride. 
All the above methods were tested 
beforehand and were found to be 
sufficiently accurate for the pur- 
poses of this investigation. 

For the study of the gaseous 
products the apparatus Bhown in 
Fig. 1 was used. The tin was 
first introduced into the flask H 
and the stopper dosed. With E 
dosed, and B and C open, nitric 
acid was introduced through A into 
D. B was then closed, and the 
space above the aod in D was 
evacuated through C. The flask 
H was then evacuated through F. By opening E, acid could then be 
introduced into H, and the evolved gases collected through F. A 
Sprengel pump was used to evacuate the system and collect the gases. 

For the estimation of the gaseous products, Milligan's method 
( Jour. Phys. Chem. 28, 344, 1924 ) was followed in detail. Nitrogen 
peroxide was estimated by absorption in concentrated sulphuric add, 
and mtnc oxide by absorption in a mixture of concentrated sulphuric 
aod and mtnc acid in the proportion 50 . 1 by volume. The remaining 
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mixture, containing nitrous oxide and nitrogen was exploded with 
hydrogen, and the contraction m volume gave a measure of the 
amount of nitrous oxide present. 

Dtscusston, 

Dbar holds that nitric acid oxidises metals in exactly the same 
way as it oxidises substances such as sugar, starch etc. ( Jour. Fhys. 
Chem 29, 142, 1925 ). Clearly the hydrogen theory of Ackworth and 
Armstrong cannot be applied to these latter substances. The undoubt- 
ed similarities between the two cases are not sufficient to justify Dhar's 
general statement, as is shown by the various behaviours of different 
metals towards nitric acid Dhar agrees with the view of Divers 
(Jour. Chem. Soc. 43, 465, 1883) that metal9 fall into two groups with 
respect to their reaction with nitric acid, the first group (copper, 
mercury, silver, etc ) do not give rise to hydrogen at any stage of the 
reaction but take up oxygen from the acid. The second group ( iron, 
tin, zmc etc.) not only take up oxygen, but may even add hydrogen to 
the acid. There can be no real similarity between this latter behaviour 
and that of starch etc Thus I&ar's theory cannot apply to the second 
group of metals, so that for these we must hold to the hydrogen theory. 
The argument that the hydrogen has insufficient time to carry out the 
reduction does not apply, because it is in the nascent state and there- 
fore of great activity. Furthermore, the oxidation theory does not ac- 
count satisfactorily for the formation of hydroxylamine, ammonia etc., at 
least in this reaction ( as tin has no action on water at ordinary tem- 
peratures ), and so it seems reasonable to suppose that the hydrogen 
produced is responsible for the reduction of the excess acid. 

If the reduction of nitric acid be attributed to nascent hydrogen, 
the following equations would represent the process of formation of the 
various products : 

2HNO»+ 2H, - 2HNO,+ 2H,0 
2HNOs+ 3H, =» 2N0+4H,0 
2HNO»+ 4H, - N,0+ 5H,0 
2HN0»+5 H s -N 9 +6H,0 
2HNO»+6H, = 2NH,OH+4HiO 
2HNO|+ 7H, = N,H 4 + 6H 8 0 
2HNO.+ 8H, = 2NH*+ 6H,0 

The formation of these products should not be supposed to take 
place directly, however, for there will be a series of intermediate stages 
which are not shown. 

In the present experiments, the hydrogen necessary for the forma- 
tion of the reduction products was calculated from the above equations, 
and was compared with the total quantity of hydrogen which tin is 
capable of producing when it dissolves m nitric add, These two 
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qJcnfatwl values were found to be in excellent agreement (Table IV )• 
This suggests that all the hydrogen necessary for the reduction of the 
ex c es s nitnc acid probably arises from the solution of the tin. There* 
fore, although the oxidation theory is not conclusively disproved, 
it is reasonable to conclude from the above that the view of Ackworth 
and Armstrong is correct as tar as this reaction is concerned. 

It is also interesting to observe that with increase of concentration 
of the acid, or of the temperature, the amounts of stannic salt, and the 
gaseous products, increase, and the amount of the reduction products 
in solution (hydroxy lamine etc.,) decreases. 

When the amount of stannic tin, and the volume of the gaseous 
products, are each plotted against the concentration of the acid (Graph 
I ), the curves are found to be practically parallel. Also when the 
amount of stannic tin is plotted against the nitrogen content of the 
gaseous mixture, straight lines are obtained (Graphs II and III). It is 
dear then that there is a dose relationship between the formation of 
stannic tin and that of the gaseous products. 



I 

concentration of HNO» gm. $. c. 


fitfc Adho# o9 ttiftrt «a b oH till 


lid 



ii 



At high temperatures or concentrations only stannic tin is formed, 
and then is a proportionate evolution of gas< At low temperatures or 
concentrations very little stannic tin is formed, and accordingly flu 
gaseous products an ne gligib le in amount. 
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Therraocbemical data show that the formation of the stannous bn 
from tin involves an evolution of about two-thirds the heat evolved by 
the formation of the stannic ion Nitrogen-hydrogen compounds an 
exothermic, whereas nitrogen oxygen compounds are endothermic* It 
may therefore be assumed that the formation of nitrogen-oxygen com- 
pounds are associated with the formation of stannic ion, and that of 
nitrogen hydrogen compounds with that of stannous ion. 

It may be assumed that the nascent hydrogen produced by the 
action of tin on nitric acid 19 of two different activities, an assumption 
which is suggested by the results of others on the activity of nascent 
hydrogen ( Comp Treatise on Inorganic Chem. Mellon VoL I, p. 332). 
One variety of nascent hydrogen could cause the formation of the 
nitrogen hydrogen compounds, and the other that of the nitrogen- 
oxygen compounds. These two varieties may arise in accordance 
with the folbwing equations — 

Sn+2HNOi = Sn(NOi)j+2H I 

Sn+4IIN0* = Sn(NO B ) 4 +4H II 

The hydrogen from the first of these reactions would cause the 
formation of the nitrogen hydrogen compounds, and that from the 
second of the nitrogen oxygen compounds, thus accounting for the 
proportionality between the amounts of stannous tin and the nitrogen- 
hydrogen compounds on the one hand and those of stanmc tin and the 
nitrogen oxygen compounds on the other. 

A closer inspection of the results shows that m all the experiments 
where hydroxylamme was formed, and the amount of gas evolved was 
negligible, au appreciable amount of tin was present in the s tannic 
condition. If all the reduction products of nitric acid ate arranged in 
their order of reduction* hydroxylamme is found to bo between nitro- 
gen and hydrazine. Since hydroxylamme is on the border h o e between 
the nitrogen hydrogen and mtrogen-oxygen compounds, it seems pro- 
bable that the combined action of both varieties of nascen t hydrogen 
would account for its formation On this view the formation of 
hydroxylamme may be represented as follows ; 

4Sn + 8HNO* — 4Sn (NO|),+8H (a) 

Sn+4HNOj a Sn (NOj),+4H (b) 

2HNO|+ <8H) + (4H) - 2NH,0H+4H|0...(c) 

Therefore, 

+Sn+Sn+14HNO|*4 Sn( NO|)i+Sn(NO »)4 
+ 2NH,0H+4H,0 1 

The formation of the other products, which are a result of the 
reduction of the acid by hydrogen of a single activity* mav be 
represented as follows 
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3 Sn+ 16HNO, ■= 3Sn (N0s) 4 +4N0+8H*0 ... II 

2 Sn+10HNO| = 2Sn (N0 i) 4+N*0+5H*0 .... Ill 

5 Sn+ 24HNOfl * 5Sn (NO04+2N*+12H,O .... IV 

4 Sn+9HNO|*=4Sn (NOi)j + NH| + 3HjO V 

To test these equations, they were used to calculate the amounts 
of tin which must dissolve to the stannous and the stannic condition to 
give the observed reduction products These amounts were then com- 
pared with the experimental values. Table V shows that the agree- 
ment is good. 

The above equations can thus be accepted as representing the 
processes of reduction of the excess nitric acid. 

Further investigation is now in progress, with a view to determin- 
ing the intermediate stages of the reaction. 

Summary. 

The reaction between tin and nitric acid under varying conditions 
has been studied by estimating all the products formed during the re. 
action, both in the dissolved and in the gaseous state. It has been shown 
that during the reaction in addition to the formation of stannous and 
stannic salts, hydroxy lamine, ammonia, nitric oxide, nitrous oxide, and 
nitrogen are formed. Neither mtrous acid nor hydrazine were formed 
under the conditions studied 

It has been pointed out that the variations in the stannic tin and 
the gaseous reduction products of excess nitric acid go hand in hand ; 
likewise the variation of stannous tin in solution and the variation of 
the reduction products in solution, namely hydroxy lamine etc. 

In an attempt to explain the reduction of excess nitric acid not 
only has it been shown that nascent hydrogen is the probable reducing 
agent, but it has further been suggested that the nascent hydrogen pro- 
duced by the dissolution of tm m nitric acid may be of two different 
activities, the dissolution of tm to the stannous condition prodncing 
hydrogen of one activity, and the dissolution of tm to the stannic con- 
dition producing hydrogen of another activity. 

Chemistry Laboratory 

Wilson College, Bombay 
1st July, 1933. 



A NOTE ON CATALYSIS IN THE PYROLYSIS 
OF HYDROCARBONS 

By 

T a WHEELER 

The increasing number of technical processes which involve the 
heat treatment of hydrocarbons, such as the liquid and vapour phase 
cracking of oils, and the pyrolysis and polymerisation of hydrocarbon 
gases, has necessitated the development of special heat and corrosion 
resisting alloys as reaction plant materials. The choice of a suitable 
material for any particular process requires an understanding of the 
catalytic rdle played by these alloys in the decomposition of hydro* 
carbons. This probably takes place with the elimination of hydrogen 
and the formation of fugitive unsaturated groups which either poly- 
merise or further decompose. 

In the application of these processes it is essential that the 
material of the reaction plant should be such as will inhibit the decom- 
position of the hydrocarbon to carbon and hydrogen only. A good 
M anti-catalyst" for the decomposition is required. 

The following theory regarding the catalytic properties of metals 
and metallic alloys in the presence of hydrocarbons at high tempera- 
tures has been evolved by the author, and serves as a qualitative guide 
in the choice of plant materials for such reactions. 

The basis of the theory is that catalytic activity in the heterogene- 
ous reactions under consideration depends upon the presence of loosely 
bound electrons on the surface of the catalyst. These form centres of 
intense activity around which decomposition reactions vigorously 
occur. Conversely the absence of such energising centres inhibits chemi- 
cal activity. To illustrate these remarks we may mention the activity 
of iron in promoting complete decomposition of hydrocarbons to carbon 
and hydrogen. This is to be referred to the presence of mobile elec- 
trons. 

Now compounds such as silica with a stable electronic structure 
do not catalyse directly the decomposition of hydrocarbons to carbon 
and hydrogen. R. V. Wheeler and Wood (Fuel, 9,567, 1930) have 
shown that alloy steels behave in this respect like silica This l«wd« to 
the idea that the high electrical resistance of these alloys is due to the 
fact that the electrons are not mobile. We note in this connec t ion that 
$e following properties are common in certain alloys .->(1) High 
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electrical resistance, (2) low thermal conductivity, (3) High malting 
point, (4) High tensile strength, (5) A high hardness number (6) High 
resistance to the action of chemicals, and that all may be referred to the 
stability of electron groups. 

If therefore we correlate these properties with the anti-catalytic 
action we see that the electrical resistance of an alloy may serve as an 
index of the lack of mobility of the electrons, and hence of the anti* 
catalytic properties m the decomposition of hydrocarbons 

With regard to the metals which alloyed with iron give suitable 
alloys, it should be noted that all the elements of value as additions to 
iron in the production of alloy-steels lie at or near the minima of the 
curve of atomic volumes plotted against atomic number. It is logical 
therefore to expect that the elements of low atomic weight lying at the 
first and second minima, beryllium, boron and aluminium may prove 
of value m the production of alloy steels and also of anti-catalytic 
materials. 



A SIMPLIFIED METHOD FOR THE PREPARATION 
OF ANILIDES 

By 

R. C. SHAH and R. K DESHPANDE. 

The preparation of an anilide from a carboxylic acid is a common 
operation in organic chemistry. It is usually carried out in two 
ways — 

( 1 ) By heating the acid and the aniline together at a high 

temperature This is a tedious process and takes a long 
time and the yields are not always satisfactory. 

( 2 ) Through the acid chloride, the acid being converted into the 
aad chloride by the action of phosphorus pentachloride. 
The acid chloride has to be separated from the other product 
of the reaction vtz. phosphorus oxychloride, which ta 
removed by distillation > under reduced pressure, before it 
can be utilised for the preparation of the anilide. This is 
essential as phosphorus oxychloride, if present, would it- 
self react readily with the aniline, giving compounds 
like C*H»NH.POClt, CH.NH.PO. “ NPh, and 
(CaH.NH), PO. (Cf. Mich and Schultze, Ber , 26, 2939 , 
Mich and Silberstein, ibid, 29, 720 ; Annalen, 326, 245 , 
Mich and Soden, Annalen, 229, 339). 

Thus a method is lack mg' whereby an acid can be readily convert- 
ed into an anilide. 

Barnett (Chem, News, 1926, p. 190) baa described a method for 
the preparation of anilides wherein 1 moL of the acid and I mol. of the 
amine are dissolved in 2 to 3 parts of pyridine, the mixture cooled in 
a freeezing mixture and thionyl chloride slowly added. After keeping 
for some time, the mixture is poured into water and the precipitated 
anilide filtered and purified. No quantitative mention is made of the 
yields obtained by this method, it being merely stated that vary good 
results were obtained with some acids and that the method fo il ed in 
aotna cases. 

In connection with investigations on the chemistry of anilide- 
imido- chlorides which have been in p r ogre ss in these laboratories for 
some time, the authors had occasion to prepare a large number of 
gailides, Several attempts were made to devise a simplified method for 
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the purpose, and ultimately the following simple and quick method for 
the preparation of amlidea was worked out 

The method consists in the addition of dimethyl-aniline, diethyl-ani. 
line or pyridine to the crude mixture of the acid chloride and phosphor- 
us oxychloride, obtained by the action of phosphorus pentachlonde 
on the acid, and subsequent addition of the amine to the well cooled 
mixture. 

The method considerably simplifies the preparation of anilides, as 
it does away* with the tedious process of the removal of phosphorus 
oxychloride and the isolation of the acid chloride As will be seen from 
the experimental portion, high yields almost as good as those by the 
use of pure acid chlorides, can be obtained by this method. 

The success of the method is doubtless due to the fact that the 
tertiary amine greatly promotes the reaction between the aniline and 
the acid chloride, which thus preferentially reacts, to the almost com- 
plete exclusion of phosphorus oxychloride from reaction. 

The general applicability of the method has been established by 
testing it with a number of acids, mostly aromatic, and different types 
of primary and secondary aromatic amines. 

An attempt to extend the method to the preparation of esters was 
unsuccessful, low yields being obtained. 

The method is well adapted for the preparation of anilides, either 
in small quantities for characterising acids, or in quantity for other 
work. 


EXPERIMENTAL. 


General Method.— 

The mixture of the acid chloride and the phosphorus oxychloride, 
obtained by the action of phosphorus pentachoride on the acid (1 moL), 
is cooled, preferably in a freezing mixture, and dunethyl-amhne, diethyl- 
aniline, or pyridine (2 mols) added in small portions The amine 
(12-1*5 mols) is then added gradually, with stirring to the cooled 
mixture. With the progress of the reaction which is very rapid, the 
mixture usually thickens considerably, and sometimes solidifies to- 
wards the end. By treating the product successively with dilute 
hydrochloric acid, dilute sodium hydroxide and finally with water, the 
anilide is obtained fairly pure, and may be further purified by crystal- 
lisation if necessary. 
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Table I. 

Tbe following anilides wore prepared by this method from differ- 


ent acids by the action of aniline. 


Anilide. 

Yield of the 
pure crystal- 
lised product 
% of Theory. 

MP. 

M P. given 
in literature. 

Benzanilide 

90% 

162® 

163® 

p-mtrobenzamlide 

85% 

216® 

213° 

m-mtrobenz&nilide 


155® 

154° 

o-mtrobenranilide 

75% 

154® 

155® 

o-chlorobenzamlide 

80% 

114® 

114° 

p*hromobenzamlide 


205® J 

197° 

Anisamhde 

80% 

169* 

168-169P 

a-naphthamlide 

85% 

160® 

160? 

0-naphthamlide 

85% 

167® 

170? 

Cinn am anilide 


149® 

150® 

T richloracetamhde 

80% 

94® 

94° 


Table II. 

The following benzoyl compounds were prepared from various 


primary and secondary aromatic amines and benzoic acid. 


Compound. 

Yield of the 
pure crystal- 
lised product 
%of theory. 

M.P. 

M.P. given 
in litera- 
ture. 

benzoyl-o-wntramhne 

75% 

93° 

94® 

it 

ii -m-nl tramline 

80% 

155® 

155® 

H 

„ -p-w tramline 

80% 

197-198® 

199® 

II 

,i -o-tolmdine 

75% 

142° 

143* 

tf 

n -m-toluidine 

80% 

126° 

125® 

II 

ii -p-tokudine 

85% 

157® 

158® 

M 

,i •diphenylamine 

75% 

178-179? 

k m 

II 

ii a-naphthylamine 

80% 

159® 

■39 

II 

ii ‘P-naphthylamme 

80% 

162® 

162® 

II 

„ -Phenylhydrazine 

75% 

168? 

168? 

H 

.. •thiodiphenylamine 

80% 

163® 

165® 

dibenzoyl-o-phenylenodiamine 

70% 

295-298* 

301® 

The anthors are thankful to 1 

Or. A. N. Melt 

Irum for 1 

1 

1 

2 


terest in tbe work. 


Laboratorua of Organic Chemttiry, 
Royal Imtttute of Sctenoe, 

Bombay. 
















DERIVATIVES OF SALICYLIC ACID— PART VII. 

INTERACTION OF THIONYL-CHLORIDE WITH ESTERS 
OF AROMATIC HYDROXY ACIDS IN THE PRESENCE 
OF FINELY DIVIDED COPPER. 

Part— II. 

SYNTHESIS OF THIO-ETHER OF 4-METHOXY 
SALICYLIC ACID AND RELATED COMPOUNDS. 

By 

N. W. HIRWE G V. JADHAV Y M. CHAKRADEO 

The methyl ester of 4-methoxy salicylic acid was found to be a 
suitable substance to continue the study of the interaction of tbionyl 
chloride with esters of aromatic hydroxy acids in presence of finely 
divided copper , described m the Derivatives of Salicylic acid Part VI 
— Interaction of thionyl chloride with aromatic hydroxy acids in the 
presence of finely divided copper Part I Synthesis and constitution 
of tbio-ether of salicylic acid and related compounds. (Journal Ame- 
ncon Chemical Soc ) ( insert ref. when published ) 

Esters have been specially chosen in order to control the forma- 
tion of anhydrides which occurs with O-hydroxy benzoic acids in pre- 
sence of thionyl chloride 

With methyl salicylate it has been shown that the reaction is 
catalytic and continuous as long as the sulphur dioxide liberated in the 
reaction is made available. The following equations with 4-methoxy 
methyl salicylate give the different stages in the reaction:-— 

3Cu+4 SOCl,-3 CuCl|+S s Clj+2SO| 

2C,H, (OH)(OCHj) COOCH,+ S,C1,+ Cu- [C,H, (OH)(OCHj 
1 4 1 COOCHj |S+ 2HC1+ Cu+ S 

2CnCli+ SO,-Cu,Cl,+ SO, Cl, 

Cu,CI, + 2SOC1, - 2CuCl, + SCI, + SO, 

2C«H, (OH)(OCH0 COOCH.+ SC1,+ Cu- [C,H, (OH) (OCH^ 
* 4 1 COOCHj,S+2HCl+Ca 

The above scheme represents the mechanism truly (Q 

copious fumes of sulphur dioxide and hydrogen chloride are evolval ; 
(u) Free snlphur is found m the reaction mixture (in) Sulphu r 
■chloride and sulphur dicblonde give the desired sulphides when d in 
the presence of finely divided copper , and ( iv) The reaction which is 
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Absent in the presence of anhydrous ccpric chloride begins on passing 
SO* into the reaction mixture and a good yield is obtained. Addition of 
water to the reaction mixture containing anhydrous cupric chloride or 
nse of hydrated cupric chloride affects the reaction favourably. 

It is interesting to note that the additional hydroxy group in the 
4-hydroxy methyl salicylate ( methyl @ resorcylate ) adds to the vigour 
of the reaction, so that it becomes uncontrollable and no crystalline 
product can be isolated, while the reaction progressed smoothly on con- 
verting it to methoxy. 

Formation of acetyl and benzoyl derivatives shows that the -OH 
group is free and the linking is nuclear. When the comp, (thio-ether ) 
is heated hydrogen sulphide is evolved , this supports the sulphide 
structure. The probability due to orienting influences id the molecule 
is that the sulphur links in-5 position. This is confirmed by nitration 
of comp. I with dilute nitric acid to give comp II which is identical 
with the 4- methoxy 5-mtro salicylic acid described by Gilbody and 
Perkin (J Chemical Soc 1902, 81, 1056). 

OH 


CH, 0 

CH, 01 


COOH 




OH 


9 


dilute HNO* 


;cooh 


I CHiO\/ 

\/COOH NO, 

OH 


IL 


M.P. 226° 


M.P. 232° 


EXPERIMENTAL. 

Bi&-3-carbomethoxy-4-hydroxy~€-methGxy phenyl thto-ether — 

The methyl ester of 4-methoxy salicylic acid (35g) was mixed 
with thionyl chloride (50g.) and copper dust (20g ) was gradually added 
to it, when dense fumes of hydrogen chloride and sulphur dioxide were 
evolved. The reaction-mixture was protected from moisture by means 
of a cork carrying a glass-tube bent twice at right angles instead of 
the usual calcium chloride tube. The mixture was left at room-tem- 
perature overnight and then warmed on water-bath for some time 
The mature was then extracted with hot chloroform and filtered from 
copper dust. On evaporation of the solvent a pasty solid was left be* 
Q 
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bind which was washed with petroleum ether and crystallised from 
dilute acetic acid in colourless needles. It is insoluble m water and 
petroleum ether and soluble in benzene, acebc acid, acetone, methyl and 
ethyl alcohols, and carbon disulphide. It gives bluish violet coloura- 
tion with ferric chloride solution ( Found S, 8*2 ; equivalent 196*8 ; 
C]s His O® S requires S 8 1 per cent, equivalent 197 0 ). 

Bi$-3-carboxy*^-hydroxy-6-tncthoxy-thio-cthcr * 

The ester ( lOg ) was treated with 10 per cent, sodium hydroxide 
solution ( 100c c. ) and boiled with a reflux condenser for about two 
hours. The solution was then treated with dilute hydrochloric acid 
when a solid separated which was washed with water and crystallised 
from glacial acetic acid in colourless plates, m. p. 226°. It is insoluble 
m water, dilute acetic acid and petroleum ether and soluble in acetone* 
ethyl and methyl alcohols and glacial acetic acid, and difficultly soluble 
in chloroform and benzene It gives bluish violet coloration with ferric 
chloride solution (Found S,8 4, equivalent 183.2, Ci«Hi«0ftS 
requires S, 8 74 per cent, and equivalent 183 0. ) 

Sodium salt 

Sodium salt of bis-3-carboxy-4-hydroxy-6-methoxy thio-ether was 
prepared by neutralising the acid with sodium hydroxide solution. It 
was evaporated to dryness on a water-bath and recrystallised from 
dilute alcohol as it is easily soluble even in cold water. It crystallises 
in colourless needles. (Found Na,10 6 , HiO 3 9 , CtfHuOgS Naj p HiO 
requires Na, 10.75 , H s O,4.2 per cent) 

Potassium Salt 

This was prepared by neutralising the acid with potassium hydro- 
xide solution It was then evaporated to dryness on a water-bath. It 
is fairly soluble in hot water from which it is recrystallised as colourless 
needless. (Found K, 16 1 , HjO, 7.4 , CieHuO*SK s , 2HiO requires 
K, 16 3 , and H*0, 7 5 per cent ) 

Calcium Salt 

This was prepared by first neutralising the acid with ammonium 
hydroxide solution and then adding calcium chloride solution to it. The 
precipitate was filtered, washed and recrystallvsed from hot water as 
colourless needles, (Found Ca, 8 2 ; HjO, 14 9 ; C lfl H u 0 8 SCa, 4H»0 
requires Ca,8 4 and HjO, 15 1 per cent) 

Bartum Salt 

This was prepared by treating the ammonium salt solution of the 
thio ether with the solution of barium acetate when the banum salt was 
precipitated. It was washed, and recrystallised from hot water as 
colourless needles (Found , Ba, 23 7 , HiO, 12.7 ; CuHuOjSBa, 
4HiO requires Ba, 23.9 ; and HjO, 12.6 per cent) 
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4-methoxy-5 -nitro ealtcyfic actd • 

Bis-3-carboxy-4-hydroxy-6-methoxy phenyl thio-etber (2g.) was 
treated with dilate nitric acid (20ccs. of Nitric acid (Sp- Gri 1.45) and, 
80 ccs. of water) and the mixture warmed till a colourless solution was 
obtained. The mixture was diluted with water and the solid obtained 
was washed and recrystallised from dilute alcohol m colourless needles, 
m. p. 232°. ( Found N, 6.4, C«HtO«N requires N, 6.6 per cent ) 
Gilbody and Perkin ( Jour. Chem. Soc. 1902, 81, 1056 ) give m. p. 
230®. 

Bie-l-aarbomethoxy-\-acetoxy 6-methoxy phenyl thto-ether • 

Bis-3-carbomethoxy-4-hydroxy-6-methoxy phenyl thio-ether ( 2g ) 
was gradually added to acetic anhydride ( 13g ) containing a few drops 
of concentrated sulphnc acid. The mixture was gently warmed till a 
clear solution was obtained. It was then poured over crushed ice and 
the solid obtained was washed and recry9tallised from alcohol in color- 
less needles m. p. 162°. It 13 soluble in acetic acid, chloroform, acetone 
and ethyl and methyl alcohols, insoluble in water, benzene and 
petroleum ether. (Found S, 6.4, CjiHrOjoS requires S,6 7. per cent) 

Bte-3-carbomethoxy-4-benzoyloxy-6-methoxy phenyl thto-ether 

Bis-3-carbomethoxy-4-hydroxy-6-methoxy phenyl thio-ether (l.5g.) 
was dissolved in pyridine and benzoyl chloride (5g) was gradually 
added to it The mixture was reiluxed on a water-bath for about 
three hours. On pouring the solution over crushed ice a liquid 
separated which slowly solidified on repeated washing with ice-cold 
water. It was crystallised from alcohol in colourless needles, m. p. 
185°. (Found . S, 5.2 , C u H«OioS requires S, 5 3 per cent.) 

Bia-3-carbatmdo-4-hydroxy-6-methoxyphenyl thto ether 

Bi8-3-carbomethoxy-4-hydroxy-6-methoxy phenyl thio-ether (4g) 
was put into liquor ammonia (100 ccs.) and the mixture was mechanic , 
ally shaken for about eight hours, when a clear solution was obtained. 
The solution was evaporated on a water -bath and the solid was cryst- 
allised from boiling glacial acetic acid, in gritty flakes m p. 187® with 
decomposition. It is practically insoluble m most of the common 
organic solvents. (Found N, 7. 4 , S, 8.6 , Ci«HhO«NjS requires N, 7.7 
and 5, 8.8 per cent.) 

Chemical Laboratories, 

Royal Institute of Science, 

Bombay. 
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" Nona avons didnit des preprints des lignes 'd’egale aimantation 

(m the H-T plane) — l’impossibilit6 d’une Equation d'etat ferro- 

ma gnetism e, fond6e sur la loi classique du poramagnetisme et aur cello 
du champ moleculaire, et nous avons reconnu la n£cessite de retoucher 
les postulate fondamentaux " 

— Weip et Forrer [Ann. de Pftys. Jan-Fevrier 1926 

Tome V, page 153] 

“ The results of experiments do not appear to be in agreement 
with the Wei(3 theory of specific heats of Ferromagnetic substances." 

— “ Specific Heats of Ferromagnetic Substances" by 
Sucksmith and H H Potter, Proc. Roy Soc. 

Vol 112, 1926, p. 176. 

[l°] The scope of the present Paper and some introduc- 
tory remarks 

A brief summary of the writer’s first paper* was published in the 
Proc. Cambridge Phtl Soc , Vol 23, pt 2, and the main criticism 
of the work came from Debye and Pauli in an informal conference 
on Magnetism held at Zorich It was to the effect that the concept 
of temperature was neglected and that the problem was treated 
as simply a geometrical, statical one 

The object of the present paper is to take account of Temperature 
effects, and to revise and consolidate in that light some of the mam 
results obtained before. The exact bearing of the quotations at the 
top will become clear when we shall come to explain Weij3’s latest 
experiments (1926) on theoretical grounds 

It may be recalled here for the sake of definiteness, that in the 
previous paper, on the assumptions that 

(i) elementary molecular magnets m a ferromagnetic crystal 
are nothing but atoms with magnetic properties due to the presence of 
electronic orbits, 

* Published in txlenso as “A Contribution to the Theory of Ferromagnetic 
Qryatals." PM. Trent. Roy Soc London, Series A, VoL 228, pp 63-114. (1929}. 
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(u) that m a “space-centred" structure, — whether cable or noa- 
cubic,— the atoms split themselves, in any steady Btate, into two 
groups with two distinct directions for their magnetic axes. The two 
groups severally belong to the two component simple lattices. The 
two directions coincide for saturation, and are exactly opposite for the 
unmagnetised state, 

we found that, — 

(in) Webster’s experimental results could be explained theoretical- 
ly, without postulating the existence of any ‘ molecular field', bat simply 
with the aid of the 'atomic actions'. 

It was also shown that — 

(iv) ' the atomic actions ' could be effectively substituted for by a 
molecular field according to a general law, which included both the 
cubic and the non cubic cases, — and which in the particular non cubic 
case ( of Pyrhotite ) reduces to Weip’s law of ' simple proportionality’. 

Now, out of these four items, it is only ( 11 ), the assumption of 
' two groups', that is going to be replaced in this section And as it 
was used only m the third section dealing with non saturated states its 
revision does not affect our mam results, as they referred to Saturation 
states 

The grounds for revision are mainly three — 

1. It is plausible in the case of a “space centred" structure, 
where we have exactly two simple component lattices , but what about 
'simple', or 'face centred’ structures ? There is no definite way of 
dividing the atoms into two groups. 

2 The second is now a theoretical objection to some 
writing in 1925, L W. Mckeehan says, 

“It appears after a little study of the older theories that none of them bare 
taken sufficient notice oi the fact that the medium, the behaviour of which they 
attempt to describe Is really discontinuous Some of the theories are quite 
obviously faulty in this respect. Introducing intrinsic fields of force to a gr eater 
or leas extent, and thereby avoiding consideration of the physical beats of 
magnetic retenthrtty and hysteresis. Others begin with the atoms but Introduce 
what amount* to the aaaumption of a continuous medium when groups of 
atoms are pictured as undergoing simultaneously equal changes In magnetl- 
“fi 00 “ —Pkys Renew 1925, Vol 28, page 275 

It will be observed that this criticism is as much directed 
oor assumption of 'two groups', as it is against Weil’s molecular field. 
Mckeehan suggests in his paper that the magnetizing process in a body 
most proceed discontinuous^ in space as well as in hm« , Now, it n 
not impossible to reply to Mckeehan s criticism if the group, 
assumption were really found indispensible. But, as will be seen, 

3. the way in whichtthe concept of Temperature it to be In* 
tpducad, renders it unnecessary to mamfrin . 
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Conversely, also, if the assumption is given up, temperatnre 
mast come m to explain the existence of states other than that of 
Saturation. 

[2°] A historical Note*— 

In his article on " Para-and -diamagnetism ” in [Butt, Nat, 
Res Council , Vol. 3, part 3 p. 68 (1922)], Wills has summonsed 
the vanous attempts to introduce temperature and denve the “equa- 
tion of magnetic state" of a substance— t. e, to say to correlate m a 
relation temperature, applied field, and magnetization, viz. 

/(H,T,o)-0. 

A few points, however, need to be noted here, so as to make it clear 
wherein the contribution of this paper lies 

1. Langevm was the first in the field. He introduced tempera- 
ture 09 in the usual Boltzman- Maxwell statistical way, and obtained 
the equation of magnetic state for a paramagnetic substance in the 
form 

o— o 0 (cosh a— a— fcli 
' a ' » RT 

2. This relation if written in the form 

- ° ■ * (?>• 

bears close resemblance to the equation of state of an ideal gas, via. 
pv— RT; or 

density - /( £). 

Now, by taking account of internal pressure, Van der Waal obtained 
the equation of state which included liquids as well. By analogy. 
Weip introduced the concept of an internal (moleculaire) field, and 
obtained the equation of magnetic state for ferromagnetic substances 
as well, in the form 

[This result, as we shall come to consider more folly later, is contra- 
dicted by his latest experiments. 1926.] 

3. Many of the experimental facts since Langevln's paper 
'1905), did not accord with the mam results of his theory which were 
wo,— 

( IV 

(0 0, for diamagnetic substances 

(m) X «c for paramagnetic „ 
where X ■■ susceptibility, 
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This lad to various attempts to modify his theory. The main workers 
in the field have been Honda and Okubo, Gaos, Oxley and Frivold. 
All these attempts may be grouped as those independent of Quantum 
hypotheses. 

Bu^ discrepancies in other directions were revealed, which neces- 
sitated the modification of Lange vin’s theory 1 — 

In 1911 Nernst showed that, in contradiction to the laws of classi- 
cal mechanics, the specific heats of polyatomic gases appear to de- 
crease with decrease in temperature, and the results were ascribed to 
the behaviour of that portion of the specific heat which depends upon 
the rotation of molecules. Meanwhile, the experimental investigations 
of Onnes, Oosterhuas, Perrier, du Bois, Honda and Owen on the 
variation (with temperature) of the susceptibility of paramagnetic 
substances, gave results which were in opposition to equipartition 
theories of paramagnetism. The theory of magnetism was thus in a 
dilemma similar to that in which the theory of specific heat found itself. 

Accordingly modifications were introduced by bringing in Quan- 
tum hypotheses. And in this connection may be mentioned the names 
of Ooeterhuis, Keesom, Gans (again), Weyssenhoff and Reiche. 

It is important to observe, however, that none of these attempts 
seems to consider a crystal structure, such as we have under contem- 
plation. The principal aim of the paper, therefore, will be to introduce 
temperature m a way consistent with the lattice-theory of crystal- 
structures. 

[3° ] Temperature effects tn magnetic crystals to be 
correlated with LtbraUon frequencies of atoms.— 

The way to introduce temperature in the present theory is some* 
what similar to that which Born adopts in his " Dynamik der 
Knstallgitter,” in dealing with specific heats of solids. There, only 
the translational dis pl acements of atoms are considered, and only the 
corresponding frequencies are taken into account. In the present 
(of ferromagnetic crystals), since the atoms have associated with 
them a privileged direction, — viz. the axes of their magnetic momenta, 
— it is nece s sary to introduce Librational frequencies. Thus in place 
of Born’s— 

" Die potential le Energie zwischen einer Partikel der Basis uni 
eiaer aadem, beide in Glexchgewichtalagen, hat den Wert, 



we have to write 




Is6 
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The notation is the same as in Born's, — 

r _ r }• ( vector-equation ). 

r ^ denotes the vector joining the origin to the Vth particle in 
TthcelL 


(8, 4>) denote the orientation of the axis of the magnetic moment 
of an atom. Of course 


8 


IV 

kk> 



•A 


* 


- < 


L These are scalar equations. 


[ It may be pointed out that so far as the purely magnetic poten- 

fit 

tial energy is concerned, the function is, ( if the atoms be re- 
garded as simple doublets ), — 


{ sin 8 l b sin cos ^-2coa«J. cos tff}. 

r kV I 

Cf — Jean's Electricity and Magnettsm p. 379 


Now, first of all, neglecting T, we determine the direction of mag- 
netization ( o ). Let it be ( Jo, ^o) Then we have 

To bring in Temperature, we suppose that the atoms are vibrat- 
ing and their axes hbratmg In addition to Born's translational dis- 
placements, we have now 


Forming the equations of motion the frequencies are to be deter- 
mined as in Born's articles 17 and 18. [Dynamic der Krutallgitter 
pp. 585-593, ] 

Now the (0, <#>)— hbrations reduce the average magnetic moment 
of the atoms m the direction about which the axes are hbratmg, and 
frequencies establish a relation with the temperature, whether by the 
the classical equijtertition formula, or by the quantum theory formula. 

This is the general method of introducing the effects of Tempera- 
ture, in ferromagnetic crystals. 

The development of the actual algebra for this general method will 
be postponed for the present. In what follows the assumption of 
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aa mate noe of a state 1 will be introduced, and results 

obtained. Really speaking, as will be seen, this assumption is not 
justifiable, but it does help to give some picture of bow temperature 
affects the various magnetic phenomena. Besides, the results obtained 
give a qualitative agreement with experiments. 

[+*] The equation Magnetic state on the assumption of a 
monochromatic state of UbraHon.— 

To attack the problem of specific heats of solid j, "Einstein gmg 
von der Uberlegung ous, da£ die A tome ernes festen Kfirpers als Reso- 
natoren betrachtet werden kdnnen, dann mu 30 aber lhre mittlere 
Energie durch die aus der Strahlungstheorie gewonnene Formal 

gegeben scin Einstein vernachlftssigte zuerst die Koppelungen 

rwnchen den Atomen and schneb diesen sfimthch dieselbe Schwing- 
ungszahl v zu , dann kommt den 3N Freiheitsgraden ernes Gramma- 
toms die mittlere Energie 

E-3RT.P (&), PW-^." 


In exactly the same way, as a first approximation the ‘ coupling ’ 
forces between the atoms (or say the ‘Jibrators’) are now neglected, 
and one and the same frequency (v) assumed for all. 

Now let as usual, — 

magnetic moment of each atom 

and 0 Q ”maximun amplitude of any one of them for 0-hbration. 
We put, 0— 0ocos2icv* 
and we get, 1/v 

' o 



00 cos 2 » W 1 dt 

-H Jo(0o) 


If we an dealing with low te m p era tnre s then 0o will be ma il 
and we can expand the integrand sod neglect terms bgher than 0 O *. 
Now, 0 O will not be the same for all atoms even if v a the °°~r (jby 
assumption). The observed effect, therefore, will be to reduce the 


saturation intensity o* in the ratio 

Thus 




0 - 1— V/4). 



ns 
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Next, the mean kinetic energy due to libratwn is (for a single 
atom), 



o 


— -i-A (2 tcv)*^ 0 * 

^ 4 

(A— moment of inertia of the atom about an axis J. to its axis of 
magnetic moment). 

The frequency v is determined by the equation 

A 9 + jt (H + H») sm 0 * 0 

Where the atom finds itself in a total field of force H+H«. 
Replacing sin 9 by 6 to our order of approximation we get, tho freque- 
ncy given by 

2 rv-v'n (H + H*)/A • 

Now the mean energy of the librating atom-mean kinetic + mean 
potential 

«}A(2»v)0 o » + 1A(2 tv)‘V 

- t A(2 

The mean energy for N atoms, ( each vibrating with a different 
amplitude ), is 

iA(2 it v ) l do* x N 

By Plank- Einstein’s formula we get 

* N. A ( 2 « v )*5? - RT. P 

where P ( x ) — — — 

**-l 


1. e. OS 


h/2 A it 1 


and we get _ 

f h/2 A r* ^ 

* " °T~ 

(2nv)* — |i ( H + H* )/A __ 

[5°] Expert mental Evidence 

Suppose u the first instance, that we expand the term 
JtvfkT ( ^ re tam the first term, ne. to my adopt the nlaiekal, 

m place of the Quantum formula for the energy. Then we should get 
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V (2icv)* - n(H+H*)/A 
Thus we have now 


o 


00 


( 1 — jg- , 


)• 


This is on unsatisfactory result For, considering the order of 
magnitude even roughly, we have 


A - 1-372 x 10- 1 * erg/degr. 
for iron |i ■ 10 Wei{3 Magnetons 
- 1 - 8 X 10-* 0 


In Webster's f H - 3 x 10* 

experiments (. H» ■ 6 X 10* roughly 

This means 


o— o„ 


/ 2(1-3) 10-» T \ 

\ 1 8x 10‘ ,0 x 3x 10*/ 


-«o 1 1-T (10-*) ] 


This would mean that the temperature most be practically zero 
for the formula to represent facts. For temperatures over half a 
degree this would give negative magnetization! But, then, we 
have the difficulty that at so low temperatures, the classical formula 
has no apphcatioa 

The way out of this difficulty is suggested by the following con- 
siderations — 


We had 


-it;/ 0 1/v 009 { S ° cos J dt 

and AS +1* (H+H«) sin 9m ,0 
In deducing from these, the results * 

and ( 2 tc v )' — jj, (H+H*)/A J 

the assumption was that So* small. Now the radiation-enenry- 
formula has shown that fl 0 >/4 comes very great, and 9 t euaot 
be treated as small, and only the first two terms will not do in the 
expansion of cos (0 # cos2ftw J, 



MO 
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(i) The only way to proceed seems to be to aolve the aquation 

l/ w 

J p, cos (tfo coe 2KVt)dt 

and A (9+ p.(H + H».) sin 0 ■■ 0 
to a greater approximation. 

(it) The assumption of a monochromatic state » not justifiable, 
(m) The quantum formula must be adopted. 

Recognizing these points, we may proceed to see the general con- 
sequences of the theory 

We «hnll obviously get — 

p, — |l ( 1 — 0 O V4 + . . . &c. ) 

-fi (1 -<V/(<V)) 
and v « F{(H + H™ ).*<>} 
and the equation of magnetic state will be of the form . 


0 “Oq 



2-1 j i/ZAic 1 

° ” v(e^-l) 
and ( 2 n v )* “ F {. ( H + Hm ), 0 O } 


Of course, for small values of 6 0 we have 

577 W) -u,*') 

and F ■■ p, (H+H»)/A J 


Note — This difficulty aboat the order of magnitude and the 
necessity to solve the equation more exactly was noticed too late 
to correct the whole work. The exact discussion regarding Webster’s 
curves is not possible without actually working out the results. The 
explanation about Weil’s curves of his latest experiments, however, 
holds good, all the same The modifications will be very slight 
Therefore, a very rough argument is given instead, for Weijft 
curves — 

In what follows, will be assumed the following form for the 
solution of our problem — 


h/ 2k% i 
. hv/iT . 


’ »(.* ,/4r -i) 

■ -*{i- «.■/(«;•) } 
and 2y.v ™ «/ p (H + Ha) /A 


Call this a “ pr o vision al 
solution”. 
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Webster's carves : — Neglecting the tem p er a t u re effect; the result 
obtained in the previous paper to explain Webster's Graph wee 
H X (/«) max. ■ i 9t\Ll. 

There (/) was the saturation value, and it was concluded that the 
nght hand «id« being constant, a rectangular hyperbola was obtained. 
But as was also pointed out "the actual tables do not give the product 
H x constant. In the case of either crystal it slightly in- 
creases with the field (H) The theoretical formula we have 

obtained does not account for the slight increase in the value of the 
product H X (1^ with increasing (H), nor does it explain the 
sodden drop " 

It stems now that the cause of the discrepancy is to be looked 
for in the temperature effect. In the relation 
lap./ — Const, 
we must now wnte 
0a lot (in) 

Oo { 1 — 0*f ($c) } for / 
and p 0 { •» } for [a. 

and we get 

H* ( On )max » lap* a* { I-flp f/W) }• 

-la p 0 0o { l~2tf 0 »VW)} approx. 

From the form of the “ provisional solution, ” we see that, we get 

an exact rectangular hyperbola if So* “ 0 

ft/2 Arc* 0 

tc. _T - 0 

Secondly, if T — 0, 0 0 * diminishes as v increases, — it. as H 
increases, u. the product H x ( o« ) max should go on increasing 
as H increases. This is borne out by the numbers which Webster 
gave to us . — 


Crystal B 

Crystal A 

H 

i 

(oii)max 

H (ouhrax 

H 

(on)taax 

H (oa)max 

f 1 8310 

1 29 7 1* 

1 246807 | 

3640 

444 

161616 

It 7620 

1 34o | 

1 262890 1 

WEM 

49* 1 

152210 

5530 

43 

237790 


53-3 

141642 

3500 

64 

224000 

2150 

63*4 

136310 

2030 

96*5 

195895 





These tables are given in the previous paper. 


* The oely exc e pt i o n H rises and the product falls. 
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2. Welp experiments in (1917) [J. de Ph. s.t 7, 1917] . 

These led to his deducing the result 

— (o) and independent of T ( See next article ). 

Now, this result can be arrived at from the present theory thus: — 
By the “ provisional solution ” 


o is a function of $ g i 
rad hl2 ^ K ‘ 


»(« '• V, * T -l) 


Av/At 

7/uw retain only the classical term 
2~. AT/2A7C 1 2AT 

#9 " v* “ ji(H+H») 

/• o ia a function of few 

H + Hm 

*. e. = — — f W* 


Now, as we shall see, the later experiments of Weij3 contradict this 
result. This means that the Quantum form must be retained. 

[6°] Experiments of Wet$ 


In both instances, experiments were made on mckel. 

1. The paper of 1917 contains the following-argument “ . . Je 

t fa 

defimrai dorevanant le champ moleculaire pas, H» - — x-, u etant 

09 

l’energie de l’unite de mass de la substance, et la T et o des deux 
variables With obvious notation 


du - Cod T— H mda 
dCo _ dHm 
do dT ‘ 


(«) 


T da 

From (a) and (P) we get 


Again d Q - CodT — (H+H„) do 
and dQ/T is a perfect differential ... Ac. 

iaco d/H + H, 

~~ 8T\ T 


'-)■■■ <*> 



SH H + Hm 
0T “ T 
_ 6Hm g»H 

ax er*' ‘ ’ 
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Now, the experimental corves of c — const on tbs (H, T) plena 
give straight lines 



We get 

_ac« _ AH* a /h+h«\_ a 

da 6T ~ 6T\ T / 

H« -f»(o) J 



(Exact copy of "fig. 2 - page 130 J. da Ph. S« 1917) 

r 

WeiP observes there, "... Mains les droites sont sonvent eon- 
dies et le hen das coudes partage le plan en regions dont chacune, il 
semble plausible de I'admettre correspond & un etat particulier de fat 
matenire. 

La relation liniar entre la temperature et le champ, poor one 
aimantabon donnto entrains das consequences thermodynanuqnes Ms 
intiressants”. These 'interesting' consequences are the ones men- 
tioned above via. 

(H+H*)/T- fj(o), H«-f,(c). 

Z On the other hand, the experiments in 1926 yielded corvee 
of a different shape [Exact copy from Ann. de Physique Jaa.-Fevr. 
1926 pp. 206-7]. 
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It 13 these curves, and their curvilinear character which are referred 
to by Weij3 in the statement quoted at the very b e gi n nin g d flue paper. 
Wei0, further, observes, "Le caractore cur viligne des o = constant, itabli 
au-dessus du Point de curie, n'est done pas contredit par l’expAnence 
au-dessoue de ce point C'est cette cons ta tat ion qui oblige i aadt&K 
les hypotheses fondamentales pour l'itablissement de liquation d’etat” 

It will be shown now that the only 4 modification ’ forced upon os 
h to accept the experimental result that 

sr r 0 

Notice, however, three general features about these curves. 

( 1 ) All of them if continued down to T—0 will cot the axis of H 
below the origin. 

(u) The concavity in the 
axis of T. 


of all curve* a 
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(ill) The carves tend to be straight as H increases. 

Those three features are borne out by the present analysis- 
I /inking to our 11 provisional solution ” 

o-c, { i -i* / (M } 

. _ /i/2Ait’ 

Wo see that the curves o— constant are given by 
e — 1 constant ( positive ) 

M*r - i«(i+ 2=^) 

Writing x for T 
and y for H+ H* 

and substituting (2itv)’— (i (H+H*)/A 
We get 

* 

log(l + 

where L f M are postttve constants. 

We can write it in the form 
* ^ L 

y V jP* log ^ 1+ 

Inspection shews that 

(i) the curve passes through the origin y— 0 



and 9(? — 


<- 


(u) j increase as y increases From these two facts it 

follows that the concavity of the curve is away from the axis of x 
(•-. T). 

Next since y— H+H*, and since the curve passes through 
(o,o), the effect of taking H only for y is to shift all the curves down- 
wards — to say they will cut the axis y (ix. H) below the origin, 
(m) Observe also that the equation 

* log (l + M/ i/y) 

reduces to * “ir? for large values afy ix, the curves tend to be 
M 

straight lines as y increases. This is a characteristic which is possessed 
fay the curves in question as given. 

s 
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[7°] General Remarks 


As regards testing the theory quantitatively, we have seen the 
difficulties, and the question is postponed for the present In 
fact the so-called 1 monochromatic' formula for the equation of 
magnetic state does not represent the reality, since we cannot 
neglect the coupling forces between the atoms, Besides, owing to the 
discovery of the difficulty about the order of magnitude, — and hence 
the inadequacy of the approximation, — (which discovery came too late to 
rewrite the whole paper) — it seemed best to adopt what we have called 
the 11 provisional solution” The defects of the provisional eolation 
mast be explicitly mentioned here — 


1 


J/v 

Lt — " - I cos 9 dt 9 9 • (ot) 

l/ y 0 

0— Q 0 cos 2izvt (p) 
AS +n (H+Ho.) sin 0-0 (t) 
-5 h/2A% > 


0o “ 


,(e hV ’ kT -l) 


<*) 


Of this system of equation (a) and (Y) are exact and will persist 
in any approximation 

(P) is a solution of (Y) only to approximation up to 0 1 , and m 
that case 

(2iev)*-|i(H+ H„) /A 

But if this be accepted, then surely we cannot avoid accepting 

|t— p.(l-0o'/4) 

Since, if sin 0 can be replaced by 0, cos 0 must be capable of 
being replaced by 1 — 0'/2 But that leads to on absurd result. There* 
fore we could not expand cos 0 up to (l-0*/2) And hence the relatione 

0—0o cos 2nW 

and (2icv)*— (t (H+H*)/A 

are not valid for the approximation required 

And hence the provisional solution is defective,— as it is a mixture 
of two degrees of approximation Yet, it is hoped tbat the ««■«» 
argument will remain unaltered, even when the exact solution is 
obtained 


[ 8 °] Hysteresis — 

The concept of ' hbration ’ gives the following picture of hysteresis. 
Suppose we start from the un magnetized state. The atomic 
axes are pursuing a random rotary motion (as in Langevin's theory), 
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or are possibly libr&tmg about several directions symmetrically situat- 
ed, (as seems proper m the case of crystals), that is to say the motion 
is general but only a superposition of several definite frequencies deter- 
mined by the crystal structure and the coupling forces. The point is 
that thpre is no privileged direction Introduce a field H This 
establishes such a direction The general motion of 'hbration at 
random' begins to be modified, and the atomic axes tend to hbrate 
about this direction more and more The body thus shows a tendency 
to magnetization. As H increases, the frequency of hbration in- 
creases, the maximum amplitude diminishes (if T is to remain the 
same), and consequently the average moment of the atom m the direc- 
tion of the hbration axis increases. This causes increase m the 
magnetization (o) 

Now suppose the field H is removed. This removal does not change 
libr&tions into random motion at once 1 here is the field H created 
in the process of magnetization That still persists The effect of 
removing H is simply to decrease the frequency, and hence to in- 
crease the amplitude (if temperature is to remain the same), and thus 
diminish the magnetization. If Hm is strong enough a point will be 
reached when Hm is sufficient to maintain the librations without 
further decrease in the frequency. The corresponding magnetization 
will remain, and the body will behave as a permanent magnet ever 
afterwards. That is Hysteresis . 

If, on the other hand, Hm is not sufficiently strong, the decrease 
in frequency will soon bring about a state when the atoms, one after 
another, begin to break away from the libratory motion, to lapse into a 
random motion. This reduces (o), and consequently Hm also dimi- 
nishes. In this way the process once started, gets accelerated, and in 
the later stages, the magnetization die9 away quickly. This again ex- 
plains the lag of (o) behind (H) The time taken by the body to return 
to the unmagnetized state will of course depend upon its structure and 
the nature of the constituent atoms 

1 9 ° ] Conclusion — 

1. It is suggested that the concept of temperature can be brought in 
the theory of Ferromagnetism by means of hbration frequencies The 
method requires to be fully worked out by means of a polychromatic 
formula. The 'monochromatic/ formula which is worked out gives 
absurd quantitative results, if only the first approximation is taken . 
The exact form of the solution explains qualitatively the results 
of WeifJ's latest experiments. It may be that this way of introducing 
temperature will not answer the facts. But almost all extant theories 
on magnetism have been unsatisfactory. And it is as yet too early to 
fay whether this method will or will not work, 
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2 The recent experiments on the specific best of Ferromagnetic 
Substances do not agree with Wei0 theory of the same (cf : quotation 
at the beginning of this paper) , — it seems very likely that a satis- 
factory theory can be worked out on the present lines— i. e., by 
adopting Born's way and introducing in addition, hbrational frequencies. 


Note 1 . — Mckeehan's suggestion that magnetization most proceed 
discontinuously in space as well as in time assumes, as he himself ad- 
mits that there is a slight mhomogeneity in the matter. Now we are 
here trying to build a working theory for a crystal. And thus the 
argument of inhomogeneity can scarcely hold good. 

On the other hand even in the regular structure of crystals quan- 
tum processes will introduce discontinuities, due to the 9udden jumps 
of electrons from one stationary orbit to another, the magnetic 
moments of atoms will suddenly change This possibility is never 
domed But it is so difficult to take account of it mathematically. In 
that case the only change in our statement will bo:— 

“ Let |t — average moment of the atom for a long time." 

Again, there is no reason why the assumption of groups should be 
opposed to atomic processes, as far as the observable phenomena are con- 
cerned. The sub atomic process may not admit of 'groups-assumptlon.' 
But when once that is got over by putting 
[t — average moment , &c , 

the groups-assumption can well be introduced, if required. 


Note 2.— Alternative formula for the equation of state. 

[1° ] We 9hall follow Livens’ method, p 392 but we must taka 
account of the following three points of difference — 

(a) In Livens’ case the magnetic potential energy is put down as 
- p. B [ A 4> sm*0 + C cos0(<|>+^cos0)]. 

Here each charged particle is separately considered, and on 
account of the gaseous state collisions are not excluded 

In our case, on the other hand, our magnetic molecules (or ele- 
mentary magnets) are so to say fixed at the lattice-points. of 

these is a complex structure, bnt is now treated as a magnet with 
moment p.. The individual motions of the orbital electrons are 
not taken any notice of ,— and hence the molecule as a whole fans 
the magnetic energy - p.Hcos 9. We may suppose that our magnetic 
molecule is somewhat like an elongated ellipsoid of rotation. 

For a Ferromagnetic molecule, p. is fairly great to be sensibly 
regarded as constant. 
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« Instead qf Livens 9 expression we adopt 
— jjl H cos 0 for the potential energy. 

[ The justification for assuming the above model is — " . . Man 
kann somit out erne langgerstreckte from der Elementar magnets 
schliepeu, deren lftnge sich aber vorerst richt abschltzen lApt, 
Auch sprechen diese Versuche zugunsten der Hypothese, da 0 lm 
"magnetisch reinen Eisen” die Elementamagnete vorcebildst sind, . . . 
v”, Gerlash. ] . 

(b) It is easily seen that in our case, EsT+V is conserved. 

(c) Thirdly, we assume that the 1 ellipsoidal ’ magnets have no 
spin about then: axes. 

in. jiesiJ> + 4>co3 0«O 

[2°] Thus in our Ferromagnetic case the problem becomes 

T-*A (F , +sinW>) 

V*-p.H cos 6 
where H— total field present 

Now following Livens we have 



6- 

89 

tt— blu* 6 4 >, 

09 

E -®1+ *' 

2A 2A sin *0 


|iH cos 6. 


With obvious notation 


dn - <xe ~ E/kT dQ 

dQ - sin 6d6 d+. dd.dV. 
a is determined from 


n “ a 




Now obviously we get the magnetization per unit volume as 


M|L 


rcrr { H H. 008® -fr - n \/hT 

f f f f cos. 9 • e * 2A 2A sin 9 ) 


. sut 9d9dj>d9d9 


ffff 


| . . . . 1 /krr 
e ' * sin O.dO. 


d*d9d*. 


Now the integrations with respect to 4> and 9 simply quyd oat 
from the numerator and denominator, and we are left with, 

( v n ji—o*, saturation). 
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o — Co 


Jfco>S„ 




sin OdOdQt* 




[If we were to put ft°»0, we get back to Langevin's case]. 

As in Langevin's case the lunits for 0 may be taken as 0 to v. 
Then putting x as cos 6, we get . — 


a— a 0 

/*/<*[ 

We take the lunits for A to be- « to + «. For, as 

ft— A sin* 9 <f>, there is nothing geometrically impossible for 
to be very large. 

Now carrying out the integrations with respect to ft first, and 
using 


f * * X dx " V i r/a, we get 
_ao 


f + 1 dx-x* l tH;c '' feT x ^/2A( l-**)/*T • >/r 


f + 1 dx « V 2A ( 1 — ** )/T v'w 

1 


/_ + j* v'n^i t^^dx 

;_ + V t^tt- .*«*«*, 
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Note : — Thu formula for Ferromagnetism differs from Langevin'e 
for Paramagnetism in three respects : — 

(i) presence of the extra factor V \—x* 

(u) o t (— ftp.) is much greater for a Ferromagnetic substance. 

(Hi) in « tL H/kT , H-H external + H internal. 

The internal H may be put equal to No following Weif) .—or 
equal to N/ (o) more generally. [/ (o) an odd function ] . 

It is to be noticed that the final result comes out independent 

of A. 



DISCONTINUOUS FLUID MOTION 

By 

Mr. S. D MANERIKAR B A . (Bam. & Cantab.) 

The general equations of motion of a fluid, when its viscosity and 
compressibility are neglected, were discovered by Lagrange and Euler. 
But it was found that 9ome of the results according to this theory — the 
so-called classical Hydrodynamics — are in complete disagreement with 
observed results, even in the case of fluids like water whose viscosity is 
very small and was considered unimportant. So much so that practi- 
cal people were doubtful as to whether there was any relation between 
theoretical Hydrodynamics, and the actual behaviour of fluids. 

Some of these surprising results may be mentioned. According 
to this theory, a body exposed to a stream of perfect fluid would ex- 
perience no resultant force at all, any pressure on its face being com- 
pensated by equal and opposite pressure on its rear. A particular case 
of this viz. when the body is a sphere was first solved by Dirichlet 
and is known as “Dirichlet's paradox." 

According to the classical theory the form of flow about a sym- 
metrical body is the same behind as in front. This is quite different 
from what is observed in actual practice If a flat plate is held fixed in 
moving water, the liquid refuses to close in behind, and a region of 
more or less “dead-water” (t*. still water) is formed, entailing a large 
resistance. 

Thirdly, according to theory, the velocity of the fluid at the sharp 
edge of an obstacle should become infinite. In practice the velocity is 
very great to start with, but speedily diminishes owing to the forma- 
tion of an eddy. 

Fourthly, the classical theory would involve negative pressure in 
a fluid. Rayleigh remarks that there is nothing in the constitution of 
a perfect liquid to prevent the existence of negative pressure. But in 
actual practice it is not observed in the cases, where according to 
the classical theory it should occur. 

It is dear therefore that some alteration is necessary. If we take 
viscosity into account, the problem becomes too hard. No general 
solution of the equations for a viscous fluid has yet been given, though 
particular cases have been solved. The scientist therefore still kept 
the assumption of a perfect liquid. 

It was Helmholtz who first pointed out that there was nothing in 
the nature of a perfect fluid to forbid a finite slipping between con- 
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tigaou fayers and that the possibility erf such an occ urren ce was not 
taken into account in the common theory. 

To make clear the improvement effected by this theory let us con- 
sider the case of a flat plate moving m still water. This was solved 

by Kirchhoff and discussed 
more fully by Rayleigh (Two 
dimensional motion). 

The fluid behind the plate is 
supposed to move strictly with 
the advancing plate and to be 
separated from the main fluid 
by a surface erf separation. 
The tangential velocities on 
the two sides of the surface 
are different. There is no 
velocity normal to the surface. 

If the plate be assumed fix- 
ed and the fluid to flow about 
it, the fluid behind the plate 
is at rest under a pressure equal to that which prevail at a distance 
The surface of discontinuity is determined mathematically by condition 
of constant pressure (equal to the pressure in the “ dead-water ” 
region). 

If £ is the pressure and u the velocity at a distance, and P the 
density of fluid, the pressure at the middle-pout of the front side of 
the plate is by Bernoulli’s equation >+ JPu* (since at thi9 point the liquid 
comes to rest ). The pressure on the rear side isi> If the liquid were 
to come to rest at all points on the front side, we should get 'the 
total resistance equal to 

l Pw* x the area of the plate. 

This is only an approximation. The liquid does not come to rest 
at all points of the plate, and more exact theory gives the total reals- 
tance equal to 

— Pm* x the area of the plate. 

4+ r 

(^— -0>44 approx.) 

Experimentally, the resistance is found to be about Ph* X area of 
the plate, t. e. more than twice as great as the theoretical value. 

The reason for this disagreement between the theoretical and the 
experimental values is this. In practice tbs pressure just hrftfawi the 
plate 4a not aqnal to, bat leas than p the pressure at a distance. 
This cannot be taken into account in KirchhofTs theory. 

T 


Fig. 1. 
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Bat the new theory is a great improvement on the older one, which 
did not give any resistance at all. At the edges the new theory does 
not give infinite velocity It does not give rise to negative pressu res, 
and the form of the flow according to this theory agrees better with 
experiment than the form of flow according to the older theory did 

Let as now consider some of the objections that have been raised 
against this theory Lord Kelvin objected that the motion was con- 
trary to the " minimum energy theorem ” ( called after him ). As 
Lanchester points out this objection has no force. For the minimum 
energy theorem assumes the absence of discontinuity, and when the 
assumption is rejected, Kelvin's theorem does not hold. 

A second objection put forward by Kelvin was that such a surface 
of discontinuity would be unstable This objection is perfectly valid 
and explains why in practice such a surface is not observed. There is 
no sharp dividing line between the mam flow and the “ dead water ” 
region. 

A third objection is the existence of circulation along the rectan- 
gular curve C ( see figure 1 )• By Kelvin's theorem circulation along a 
closed curve moving with the fluid ( assumed incompressible and non- 
viscous) does not change. As there was no circulation at a distance 
in front of the plate, it is argued that it is not possible to have circula- 
tion behind. On the other side it is argued that this circulation is due 
to viscosity, and that though in aninviscid fluid, the circulation could not 
occur, the objection does not hold for a fluid with small viscosity. The 
argument 19 incorrect For though it is possible to generate circulation 
in the viscous fluid, yet quantitatively the existence of so much 
circulation in a fluid with negligible viscosity cannot be explained 

The error in the objection was discovered very late. Kelvin’s 
theorem applies to curves moving with the fluid. The curve C has 
not moved with the fluid The lower portion has come with the main 
portion of the fluid, while the upper portion has always been there. 
Hence before some tune the particles forming the upper and the 
lower portions respectively were separate, and the two together did 
not form a closed curve. 

It has been mentioned that the theoretical form of flow does not 
agree well with the observed. It is assumed in the theory that with 
respectto a co-ordinate system moving with the body, the flow is 
stationary, which is certainly not true. 

According to the theory there is no "suction” behind the body, 
because in the dead-water region the pressure is constant and equal to 
the pressure at a great distance from the body. But experiment shows 
that this suction has a great influence on the resistance experienced by 
the body. 
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The reason why the hydrodynamically possible discontinuous 
potential flow does not exist, lies m the instability of the surface of 
discontinuity. (See above) 

One can think of the surface of discontinuity as a “vortex-layer*" 
This vortex-layer shows a tendency to “curl," u e. the vortldty is con- 
centrated at some points and taken away from the region between 
these points. This observation suggests that there may be stable 
arrartfoments of isolated vortices, which can be regarded as the end- 
product of the vortex-layer. 

Such an arrangement was found by KArmAn, called KArmAn 
vortex-street after him. By assuming the existence of such an 
arrangement behind the body KArmAn calculated the resistance on a 

cylinder (two-dimensional flow). He found it equal to P( * ( U— 2ft) 

+p-£ where P is the density of the fluid, £ the vortex strength, 

* r» * 

U the velocity of the body relative to the fluid, u the velocity with 
which the vortex-system moves forward relative to the fluid, A is the 
distance between the two rows, and l the distance between two 
adjacent vortices of the same sign (see Lamb, p. 211 for a fig. of the 
stable arrangement). The calculated resistance agrees very well with 
the observed. 

The stability consideration gives 

Cosh a V2 *• e > Sinh ~~ » i 

i e. - “ 0 281 approx. 

u mm i-tanh-^ 

2 1 I 

Hence two of the quantities have to be determined by experiment, u 
and l say. In this respect KArmAn's theory is not complete, for when 
the size and shape of the cylinder and the velocity of the cylinder 
relative to the fluid, are given, it is not possible to calculate the resis- 
tance without measuring two quantities. 

Heisenberg (Physik. Zeit. 1922) has tried to obtain the resistance 
on a flat plate moving normally through a fluid He assumes that the 
flow is a discontinuous potential flow to start with, but later 
into a KArmAn vortex-street, whose dimensions he has found out from 
purely theoretical considerations. The results agree well with experi- 
ment It remains now to see how the surface of discontinuity resolves 
itself into the stable arrangement of the KArmAn vortex-street This 
problem has not been solved But Rosenhead (m P.R.S. 1928) has 
proved that a plane surface of discontinuity degenerates into a row of 
periodically distributed vortices of the same sign. 
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Sttmmtry*— We have seen how tho continuous potential flow did 
not agree well with experiment. It was modified by Helmholtz who 
assumed that a surface of discontinuity could occur. We have seen 
the objection to tht9 f firstly that the surface is unstable, and secondly, 
the resistance given by it 19 much less than the experimental value. 
We have: seen that Kirm&n and Heisenberg have found theoretical 
values which agree very well with experiment, and lastly we have a 
proof by Rosenhead that a surface of discontinuity does actually resolve 
into a vortex-row, 

APPENDIX 


Reference has been made to papers by K&rm&n and Heisenberg 
A more detailed description of the two papers will be given here. 

K&rmAn — “Uber den Mecharusmus des FlQssigkeits-und Loft- 
widorstandes". (Physik. Zs. 1912) 

If we assume that at 9ome distance behind the body the flow does 
not differ appreciably from the flow due to the stable vortex arrange- 
ment, and that at some distance in front of the body ( the distance is 
large compared to the linear dimensions of the body), the fluid is at 
rest, then we obtain an expression for the resistance by the applicati on 
of the Impulse Theorem. 

We use the co-ordinate system which moves with the vortex 

system (which moves forward with velocity u m ^ tanh-^j* with 

respect to the fluid at rest, { = Vortex strength). With respect to 
this co-ordinate system, on the assumptions we have made, the flow is 
stationary at some distance in front as well as behind the body. In 
front there 13 uniform flow with velocity - «, behind the body tho 

velocity components are - u + — and — ^ where 


r sin(*°+s)^- 

X«*+(llf-!ilo g L (wtore.»«-'+ 

2 ' »m (,«-,) 1 ' ♦ 2 7 

X is due to the vortex system at rest. ( See Lamb.) 

Relative to our co-ordinate system, the body moves with velocity 


U-u, where U is its actual velocity. In time T» — ( l is the die* 

U-K 

tance between two consecutive vortices of the same sign ) • new pair 
of vortices is formed. We calculate the increase of x-impolse in tide 
time T ( t. e. between two instants of time after which the flow pat- 
tern is exactly the same as before ) in the following region We taka 
two parallels y ± i). and two patwlUla x m const m front wiyt twtifaHt 
the body at a great distance from the body. The line behind tits body 
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it to dtttto that it is exactly in the | "**'i* of two vortices of opposite 
sign. 

For a region so the impulse exerted on the body 

Vfdi (where W is the resistance) is equal to [the diffidence of 

impulse in the region at time t and <*t+T J"“[ the impulse im- 
ported from outside ] + [ the tune integral of the pressure on the 
boundaries of the region ]. 

We shall calculate the quantities one by one. The increaso in un- 
pulse in t««"" T “increase in J j? u ( x,y) dxdy, But the interval 


Fig. 2 

P C . »' C* 



1 

H 

■ 



1 





‘y-’l A B A* B* 


T is so chosen that the flow pattern reproduces itself exactly with the 
exception that the body has moved forward l ■ ( U— «). T. 

The whole doable integral reduces to the difference of the integrals 
on the regions ABCD and A'B'C'D', both of breadth l. 

For A'B'C'D', the x • component of the velocity is - M, Hand for 

ABCD it fa-w+ ~ 

dy 

« ri f 1 ! jgr 

The whole quantity Ii = P J J -j-dxdy. 

* 0 

If we take limit T] ~> co , then we obtain 

WC*- 

The sum of the imported impulse and the tune integral of pressure 
will be taken together. 

If we take any potential flow u ( x . y), v (*. y) and consider a cer- 
tain region, then the x-impulse imported per sec*f J ^*dy — « v 
where w, c are the velocity co mp one n ts on the boundary. The pres- 
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■an gives, far ^-component, J p dy. By Bernoulli, in «*»*V«*y 
potential flow P ■ const ~ P The sam of 1 both integrals 

m 

(multiplied by time T) is 

I* ■ T { J* p(u* dy — uv dx)+ Jpdy } 

■TP - **v ifj 

- - - ax 

or if we introduce w 11 a - iv 3 ^ 

Is ■ ^ Iw (/ w* d* ) 

where I m denotes that the imaginary part is to be taken. 

On the boundaries we put w® — w +u\ v ®t / then the terms 
in m 1 disappear ; the terms in u also disappear by continuity (the in- 
coming fluid - the outgoing fluid), and only the terms in ft' 1 , %i v f 
remain. This gives a value on the line which goes through the vortex- 
system (AD in fig*)* 

If we let then 


& m Y lm {/*°° ® , *}« JongAD 

6 ~»00 

■MO-1- 
T •»{<?*-£>} 


If we put w instead of^< f w di. than since T 

i J o U— u 

PCy(u- 2u) + P^ { 

W. Heisenberg " Dimensions of the Kannan Vortex-motion" 
Figore 1 (already given) represents the flow (2- dimensional) 
about a plate of length & (kirchhoffs discontinuity flow). It is the 
only known flow for which the velocity at the end of the plate remains 
finite. The s h aded portion behind represents the u dead-water ”, and 
the lines bounding the portion the cuppa of discontinuity. 
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These corves on known to be unstable. We assume that very 
near the {date the carves of discontinuity exist, and that they break np 
at some distance behind. This assumption is justified on experimental 
grounds. 

Let U be the velocity of the plate relative to the water (assu m ed 
to be at rest at °°) and let w be the velocity of the vortices. Then 
relative to the vortices, the velocity of the plate is U — «. Let l be 
the distance between two successive vortices of the same sign. Then 

T ■ is the period, or the time between the shedding of two 

successive vortices of the same sign. If ( is the strength of each 
vortex, then if we consider the upper row of the “ Karman vortex- 
street ” only (naannud to arise from the breaking up of the upper sur- 
face of discontinuity) £ is the increase of circulation in time T or £/T 

per unit time ■ 5 (U-m) (l) 

In the dead-water the velocity is zero. Outside the velocity is U. 


The curve of discontinuity itself moves with velocity 

4 

Length of curve generated per unit time » ... (2) 


.* . Circulation generated per unit time 



( 2 ) 


Since in an incompressible frictionless fluid the circulation re- 
mains unaltered, the two expressions (1) and (2) must be equal 

t.ei - ^(U - u) (3) 

Another equation is obtained from the fact that a certauTfixed 
quantity of water always moves forward between the two vortex rows. 

1 1 i (Outside the vortex 

| J 11} rows a particle does not 

1 1 III move very far from its 

original place. But in- 
side, it is continually 
moving.) 

This quantity of water 
" the water pushed for- 
ward by the {date * V.d, 
According to Karman 
the complex potential of 
the “vortex street" is 
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v i iog_ Ljl ™ 

X *2» ■bV’+.lf W 

where ^ 

J r 6 

Q the quantity of water * J U *ds m J I (W &) 

a a 

where I 29 imaginary part and W * u - tv « 

si 

• • o - ■/ £*- •/*« - [i 00]* 

a a a 

The termmu a, b of the integral must he on the stream lines— the 
boundaries of the required water flow. The exact position of a, * 
on the stream-lines does not matter. In the present case, the boun- 
dary stream-lines are the only ones which in the Y directions. 

a m — >oo , 6 = + loo may be chosen. The path of integration 
is from * * - ioo along the stream line till we come near the vortex, 
then along d$, and then along the other boundary stream line to 

*-+»« Q - l( X +»oo - X ~»oo ) 

Now by (4) 

t ±jL+hl_ a - 

X mJ H j « TA4 2 P /. a T^4 + 2 ■_ 

•+S. 2, + f(i+|+.+f.) 

For a m 0 (a does not appear m the imaginary part of X). 

x+ '«-& M-.'f-r)'- 2-1r 

Hence | l( X +». )- l( X -.«o ) | (5) 

IM-Q-& ( 6 ) 

Karman gives - hi ( 7 ) 

0281 (8) 

Frants) 1 U* - (U-»). 
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gives ■ 0*229 • (9) 

or - 0 771 (9 b) 

From (6), using (7) and (8). 

U d - 8 *(0*281). 


Ming (9) d - ^-g (0 281) (0*229) " 5 45 

~ m 1 54 . . . . . . (11) 

d 

l h 

(9a) gives a much smaller value for - and ~ 9 but as the curves of 

d d 

discontinuity are inclined outwards this possibility cannot be realised. 
Karman gives as empirical values 

— -0 20.--55 
U ' d 

The resistance also agrees well with experiment 



♦relativity and cosmology— PART I 

By 

V V NARLIKAR ft Sc. (Bom.), & A (Cantab. ) 

Professor of Mathematics, Benares Hindu Utp wrsity. 

INTRODUCTION 

I should like, in the very first instance, to express my most sincere 
thanks to the University of Bombay for their kind invitation to give 
this course of lectures. I am alive to the honour they have done me 
thereby and incidentally to the responsibility that rests on my shoulders 
in return. 

I did not want to lecture on relativity alone as the subject has of 
late gone into a rut Moreover it has lost m a relative sense, the 
glamour it bad during the first few years after the war. On the other 
hand the subject of cosmology is centuries old. Men in almost every 
walk of life, philosophers of almost every shade of opinion have in- 
dulged in the very fascinating game of speculating on the origin of the 
universe. Cosmology is, therefore, a vast subject and I know nothing 
of its extension in the strictly philosophical domain. I have therefore 
decided to give a short account of certain principles of relativity that 
would facilitate a smooth entry into the domain of cosmology. 

The relativistic treatment of cosmology is fascinating from the 
stand-point of sheer mathematics It has a number of problems that 
look as if they can be easily solved and yet have defied the attacks of 
some of the most eminent mathematicians, past and present It is an 
excellent field for the research students who are hunting after problems 
and I have therefore chosen this for my subject. 

The Theory of relativity can be studied from four different points 
of view . (1) Gravitational astronomy, (2) Geometry, (3) Electro- 
dynamics, and (4) Philosophy. 

Let us now consider how the need for the theory of relativity 
arose from the standpoint of gravitational astronomy. 

The three laws of Kepler concerning the motions of the major 
planets about the sun are very well-known. Newton deduced from thmm 
the law of gravitation which has achieved such remarkable success 
not only in the solar system but in all the regions of space that have 
been so far explored. According to the first law of Kepler each planet 

•ThU Is ■ report of she lectures delivered on the subject in January 1933 fay 
Fret V. V. Nartfkar under the auspices of the University of Bombay. 
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moves in an ellipse of which a focus is at the sun. The second says 
that the radios vector from the son to the planet describes equal areas 
in equal intervals of tune, while the third is that the square of 
the periodic tune vanes as the cube of the mean distance. It is 
true that the planets move in a rough sort of way so as to be subject 
to these laws. But if we take the Newtonian law of gravitation as 
fundamental and Kepler's empirical laws as the consequences of the 
former then the motion of any planet is perturbed owing to the gravi- 
tational attraction of the other planets in the solar system Thus 
Newcomb 1 has shown that one result of perturbation in the case of the 
Mercury is that the ellipse of Mercury itself rotates about the sun at 
the rate of 532" per century But it has been observed that the rota- 
tion is approximately 575" a century i. e , 43" per century more. On 
the Newtonian hypothesis no satisfactory explanation of this extra 
rotation could be given. Several attempts were made to account for 
these extra 43" per century but to no success and it was ulti- 
mately left to the theory of relativity to explain the phenomenon. We 
will come to these considerations later on but it ought to be remarked 
here that the success of the theory of relativity m this particular is 
attributed more to chance than to any intrinsic merit in the latter. 

An interesting position presents itself at this point. Kepler’s 
objection to the geocentric theory of the universe m which the planets 
moved in cycles and epicycles was that it could not account for 
S! in the revolution of Mars Thus the Newtonian theory arises out 
of the 8* of Mars while Einstein's theory arises out of the 43" of 
Mercury. One expects that an improvement on Einstein could amnwa+a 
only out erf a still more subtle phenomenon 

Next consider the approach to relativity from the geometric al 
point of view. Before the advent of the theory of relativity it was 
customary to use Euclidean geometry for the exploration of all the 
fields of physics. That the parallels meet at infinity, which is an 
axiom of Euclidean Geometry is certainly contrary to common experi- 
ence ; and it has therefore to be taught at school as that ultimately, it 
becomes assimilated into ones habit of thought As it is beyond the 
scope of our observation we may with equal justification say that 
parallels meet at any distance of the order of 10 ,# miles. If therefore 
our space is not subject to the Euclidean geometry the possibility 
arises that the empirical laws of physics which hold good in our 
neighbourhood may not do so for the large-scale phenom anp flow 
cosmology is concerned with such large-scale phenomena and it is there- 
fore necessary to apply non-Euclidean geometry to the study of the 
physics of cosmology, Thus relativity and cosmology can be 
even from the geometrical point of view. 

Maxwell's equations for electromagnetic phenomena axe true only 
for a fined frame of reference, The form of tfa*e equations * hm 
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referred to a uniformly moving set of axes was first given by Larentz. 
But Lorentz’s form demanded a distortion in the space- tune frame 
which appeared absurd on the basis of classical ideas. Lorontz and 
others contended that this distortion was due to the drag of the all- 
pervading ether on the moving frame and that the distorted apace 
and time were not, therefore, real. The classical conception of the 
ether was, however, soon found to be unsatisfactory and relativity 
mm forward which, while it retained the mathematical analysis sup- 
plied by Lorentz gave a strikingly new interpretation to the mathema- 
tical results. The details, we may for the present leave aside aa our 
business now is only to indicate how a topic in electromagnetism bads 
to the theory of relativity. 

It becomes obvious from Einstein's earlier papero on the theory 
of relativity that a good deal of his inspiration came from the philoso- 
pher Mach 1 The latter questions the very soundness of the ideas of 
space and time which Newton expresses in “The Principle". In his 
“ Principles of Mechanics," published in 1893, Mach 1 argues that it is 
a very idle suggestion of Newton's that the tune flows on uniformly. 
The flow can be uniform only with reference to something and hence 
the phrase, “uniformity of flow” has got no meaning in the absence of 
a standard. The conception of time probably arose out of a necessity. 
Our forefathers perhaps found it necessary to regulate their lives some 
way in which case it seems reasonable to suppose that the nsir« and 
setting of the sun provided them with a standard to mark off equal 
intervals. Thus the classical theory of space and tune did not satisfy 
some of the searching phdosophers of the pre-relativity days and a 
new theory such as the relativity theory was hunted for. 

The modern conception of the universe is that it is a finite and 
unbounded hypersphere of radius 10 ,T cms^ approximately. Yes I It 
is at once finite and unbounded in the same sense that a circle has a 
finite length but neither any beginning nor an end. The total mass in 
the universe is estimated at about 10", the mnaa of the sun being 
1.99 x 10" grs. Incidentally it becomes obvious that even as regards its 
mass the sun is a mere nobody in the galaxies of the universe, and the 
question arises as to how all the masses m the universe are distributed 
m space. 

It has been estimated that there are over 10 u stars in the uni- 
verse. All these stars, planets, nebulae, and other celestial bodies seem 
to possess each some relative motion with reference to the other 
in the universe. There seems to be no body in the sky which is at 
absolute rest The Greeks thought that the Earth is at rest and that 
all the other bodies in the space move about the earth. It was left to 
Kepler, as we have already remarked to pull this theory to pieces. It 
should however be observed that even if the geocentric theory of the 
tftiverse was disproved by Kepler he had not yet proved that tbs 



RELATIVITY AND COSMOLOGY— PART I 


165 


earth cannot be at absolute rest* Tbs question was still open 
to enquiry and experiments were proposed from 1887 onwards to 
determine the absolute motion of the earth. It was quite m keeping 
with the philosophy of the tune to imagine that some sort of a fixed 
medium, no matter how rare, extends over the whole space, in which 
all the material bodies are suspended. Such a medium may have fixed 
landmarks with reference to which they thought of measuring the 
velocity of the earth* 

It is heedless to go here into the senes of experiments which are 
associated with the name of Michelson. Suffice it to say that the 
central question of the absolute motion of the earth slipped through 
the search of all experimenters. One important outcome of all the 
experimental investigations was that it was found out that the velocity 
of light cannot be compounded with the velocity of the source accord- 
ing to the parallelogram law. That this is so has been very ingeniously 
propounded by de Sitter from certam considerations of double stars. 
To make the argument simple we will treat the system of the sun and 
the earth as a double star £ 1 

In the accompanying diagram 
S is the sun and E lf Ej, E* 
and E* are four positions in 
the orbit of the earth such 
that the time to pass from 
any one position to the next 
is three months According 
to the classical ideas if v is 
the velocity of the earth in 
the orbit and c the velocity 
of light, the latter will leave £ 3 

Ei in the direction SE 4 with velocity c— v and six months later light 
will leave E» in the direction SE* with velocity c+ v. Thus the light 
from E| moves with a greater velocity thap the light from Ei and it is 
obvious that at some distance d an observer will receive the light from 
Ex and Ei simultaneously. An observer so situated will see the earth 
simultaneously in the two positions. From a simple calculation one 
can see that such an observer will have to be about 10 l ® kme., from 
the son. Now about thirty to forty per cent of the stars in any duster 
are generally double stars and an occurrence as anticipated by de 
Sitter should be a matter of common observation. But as this pheno- 
menon has not been observed one expects that the classical law of the 
composition of velocities fails when one of the velocities concerned is 
that of light 

Einstein gave quite a sensational interpretation to the failure of 
gll experimental investigations to determine the absolute motion of the 
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earth. It xa that it is not possible to determine the absolute motion by 
any optical instrument and that the velocity of light is always the same 
whatever be the motion of the source. The whole structure of the 
theory of relativity is based on this interpretation and any evidence to 
the contrary would be enough to destroy the relativistic philosophy. It 
will perhaps be of some interest to remark that Einstein’s interpreta- 
tion was subject to much criticism when first made and Prof. Miller 4 
of America, one of his early critics still persists in his opposition. 
We find, however, hardly any sound justification for this opposition in 
Miller's investigations. 

Einstein, therefore, enunciated as a law of nature that the velo- 
city of light is a constant c, the same for all observers moving m any 
manner. A recent estimate gives c equal to 2 99794 X 10 10 cms,, sec* 1 . 
The question that now presents itself is whether any physical bodies in 
the universe can attain velocity greater than that of light. According 
to relativity a velocity greater than c, cannot be associa te d with mat- 
ter or energy in any form as such velocities do not come within the 
range of experience. Many would challenge this statement as experi- 
ments could easily be suggested where a velocity greater than o should 
be discernible according to the classical ideas. Consider for example 
an experiment suggested by Eddington. If a powerful search-light, 
thrown from the earth, is made to rotate about eleven times a second in 
the plane of the orbit of Neptune then the observers at Neptune should 
find that the velocity of the beam as it passes across Neptune is greater 
than that of light. The solution which the relativist suggests to this 
difficulty 19 that the prediction of the observers of the earth as to what 
will be observed on Neptune is, based on the Newtonian conception 
of space and time. But the relativistic four-fold of space-tune is 
warped, the time-scale near the earth 19 not the same 09 the time-scale 
near Neptune and it could be possible that the observers of Neptune 
will find the beam moving with a velocity less than c. That this is 
not only possible but is invariably so will be understood when an 
insight into the general theory of relativity is gamed. 

The Special Theory 0/ Relativity . 

Although it is true that we are concerned only with the space and 
time intervals between two events, frames of co-ordinate axes facili- 
tate the work of ordering the experiences. A rectangular cartesian 
frame (*yst) is 9aid to be Galilean when Newton’s first law bolds good 
in that frame. Now this law states that “every body perseveres in its 
state of rest or uniform motion in a straight line, except in so for as it 
is compelled to change that state by impressed forces". Hence if a 
frame K is Galilean another rectangular frame (a/ 3/ J <0 which moves 
away from or towards K with a uniform speed in the same straight Imp 
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is also Galilean, Let us call this other Galilean frame K 1 . As we 
have already remarked it has not been possible yet to detect the abso- 
lute motion of any body in space. Hence there is no standard Galilean 
frame K with reference to which only the laws of Nature need be true. 
In other words the laws of Nature should hold good with reference to 
both K and K l t the latter being any two Galilean frames. In essence 
this is the principle of the special theory of relativity. 

Following Einstein one expects that the velocity of light is the 
same whether the observer is at K or K 1 . The Galilean transformation 
connecting K and K l is J ut! t 3/ J m z,if “ * when K* moves 
with a uniform velocity u , along ox, and away from K. Hence if a 
light signal is sent along the x-axis in K the velocity of light m the 
latter frame would be c while it would be c— u in the other Evidently 
the Galilean transformation is not consistent with the restricted 
principle of relativity, and a new transformation must be devised to 
meet the requirements. 

The Lorentz transformation was found to fit in satisfactorily with 
the special theory. It runs as (x—ut), m y, 

J ■ *1 if ■ B(<— where B - This gives 


<h!ldt 


so that when 


dx 

dt 


dxldt—u £ 

1 — u dx/dt o 

~fj is also is c, and conversely. 


According to Lorentz who discovered the transformation in connection 
with .electro dynamics (/, j/, s', t') are not real if the other co-ordinates 
are. On the other hand, as there is no standard by which K can be 
judged to be superior to K 1 Einstein puts both the frames on equal 
footing. This would mean drastic changes in our habits of thought 
about space and time. 

Einstein has also deduced the Lorentz transformation from a 
certain set of plausible assumptions. He does this m three steps. 
At the very outset he assumes that the required transformation between 
(*, y, k, t ) and (a/, y', s', #',) most be linear and the cause of the 
linearity according to him is the homogeneity of space and time. 
This argument has appeared obscure to some and attempts have been 
made to obtain the linearity from first principles. 1 Once the linearity 
is accepted Einstein next applies in succession the principles of the 
relativity of the rod and the clock and deduces the Lorentz transfor- 
mation. The principle of the relativity of the rod is something of the 
following sort A and B are two neighbours so that naturally, either 
discounts the other's story. A has a cow which, he says, gives eight 
seers of milk per day, and B thinks that the cow most be giving only 
four seers in {dace of eight Suppose by some chance the cow becomes 
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the property of B Then if B tells that the cow gives ten seers a day, 

A is bound to think according to the analogue of the principle in ques- 
tion, that the cow really gives five seers of milk in place of ten. Thus 
the principle of the relativity of the rod says that if a metre rod in the 
frame K appears to be one-tenth less in the frame K 1 then a similar 
impression will be received in K if a metre rod is placed in the 
frame K 1 . To understand the principle of the relativity of the clock 
it is necessary to know first wh&t is meant by a clock The function 
of a clock is to give equal intervals of time. Hence to get a clock 
ready we have only to procure a metre rod and define as a unit interval 
the time taken by light to traverse the distance. From the standpoint 
of a common observer the metre rods in K and K 1 differ while the 
velocity of light is the same. Hence the standard clocks in K and K 1 
also differ. As the principle of the relativity of the rod has already 
been nsed all that the principle of the relativity of the clock amounts 
to is that the velocity of light is the same m both K and K 1 . This is 
the third step in Einstein's deduction of the Lorentz transformation. 

The obvious interconnection between space and time in the 
Lorentz transformation gives rise to quite a new philosophy. Let us 
consider two observers K and K 1 carrying each his own Galilean 
frame. Suppose that the two are together at t “ O when a light signal 
is sent. After a time t it will he somewhere on a sphere with centre 
o and radius ct t where c is the velocity of light. Let in the meantime 
K 1 , who has a uniform velocity u along ox arrive at O' so that 00* ■ 
ut Draw O'P perpendicular to 00' so as to meet the sphere some- 
where in P. Let us suppose that the signal was originally sent in the 
direction OP Let the time of reaching at P be i! according to O'. 
Of course t cannot be equal to if as the measures of time of K and K 1 
differ Hence O'P m ct The distance O'P being perpendicular to 
the direction of relative motion will be the same accordug to the 
estimates of K as well as K 1 . 



Fig, 2 
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Considering O, O', P as three points in the frame K, we get 


cV*» wV+cV* 

< - Kl- $*') 

Also the distance OQ? is / or ut when measured by K, while the same 
distance is if or ut f when measured by K 1 . Thus 


We have seen here that the same distance 00' is measured as / by 
one observer and as t by another Similarly the same duration of tune 
is measured by one as t and by the other as There is no reason 
why the measure / or f should be preferred to the other and hence 
the concept of absolute length becomes futile when it comes to the 
measurement of it In the same manner the clocks of K and K 1 may 
be synchronized at any chosen moment but as the same duration is 
given by different measures on the two clocks the events that are 
simultaneous to K are not so for K 1 after t “0, hence the concept 
also of the absolute simultaneity fails 

The effect on the moving rod is sometimes called the Fitzgerald 
or the Lorentz contraction and the slowing up of time in the moving 
frame, the Einstein dilatation These effects may be deduced straight- 
away from the Lorentz transformation itself. Take two points x\ and x% 
in the frame K corresponding to points m K 1 at a certain 

instant t. Then 

As B> the observer in K will say that the observer in K 1 will find 
on measurement the distance, x x —x u B tunes greater. From this K 
will deduce that the rod in K 1 is B* 1 times as short as the measuring 
rod in K, This contraction of the rod K attributes to the motion of 
K 1 . Similarly, choose two time-epochs h and t * at any point x . Then 
from the transformation, if and t\ are the corresponding instant* 

fa— /*) 

K finds that according to the clock of K 1 the duration fi— fj is B 
times greater. In other words K 1 thinks that in the moving frame K 
the clock runs slow. 

Although neither the space- interval nor the duration of time is 
invariant for Galilean transformations there is a new entity S which 
remains invariant. This is defined by 

S 1 ■ c*(f, - fi)*- (*» - *i)*“ (j>i - tt)*- (*i - *i)* and hence 
also - cV,- W- (jWi)*- (*Wi)* 

It is clear from this that space and tune, considered individually reduce 
to secondary importance in relativity. S is called the ‘'interval" 
v 
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between two events ett., x\ % yu * 1 , h and #* y% ** #► The interval 
may be broken by different observers into different sections of space 
and time. This does not however mean that space and tune are 
really on the same footing m the theory of Relativity. Only one is 
complimentary to the other. For if we look at the very form of S* the 
coefficient of (/f— fi) 1 is positive while that of (*»— #i) s is negative. 
Moreover in the very deduction of the Lorentz transformation Einstein 
makes use of two independent principles, one, that of the relativity of 
the rod and the other, that of the relativity of the clock. The rod and 
the clock are the two ultimate unanalysable concepts of the theory of 
relativity It is, therefore, utterly wrong to say that relativity has 
removed the distinction between space and time. 

All this new philosophy arose, as we have seen, because the 
absolute motion of the earth in ether has defied all experiments 
made to determine it Now not only the absolute motion of trans- 
lation cannot be determined but the absolute motion of rotation 
also is beyond the means of experiment It has often been suggested 
that this latter motion should become manifest through the centrifugal 
forces that evolve with it Newton, himself, was of the opinion 
that the absolute motion of rotation of the earth can be determined 
from a knowledge of the centrifugal forces. Mach objects to it on 
grounds that the centrifugal forces can arise also in a relative motion 
of rotation, that if the earth is supposed to be at rest and the 
framework of stars be supposed to be rotating there would be no data 
from our sense perceptions to distinguish this view from the current 
one and that the centrifugal forces might therefore arise, very 
naturally, also in this case. The story of an interesting experiment 
hangs here. Newton 6 proposed the rotating bucket experiment 
to demonstrate the existence of absolute rotation. A bucket about 
half full of water, was kept hanging vertically by a twisted wire. 
As the twist was released the bucket began to rotate. The water 
was first horizontal, but gradually the bucket imparted a motion 
to it till at last the bucket was stationary, and the water rotating, 
so as to rise from the middle to the 9ides of the vessel. Initially 
when the bucket was rotating and the water stationary there was no 
rise of water and Newton advances this in support of his argument 
that centrifugal forces do not arise in a relative motion of rotation. 
There is a very subtle and serious flaw in Newton's argument which 
Mach points out. The relative motion is not really the same m the 
two cases considered by Newton. In one case the water rotates 
not only relative to the sides of the vessel but to the fixed stars 
as well, while in the other only the vessel and not the stars are 
rotating relative to the still water. 

This brings us directly to the idea of fields of force to be 
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associated with matter in motion generally. In the natural philosophy 
of Newton, apace and time were something like definite markings 
on a large handkerchief. Suppose for a moment that all the objects 
of the universe lie on one such handkerchief of a four-dimensional 
extent. The masses and motions of these objects are studied under 
the influence of forces with the help of the Bpace-time markings. 
On the other hand, in the new philosophy the four ends of the 
handkerchief are tied together by the law of the velocity of light 
The objects inside disappear from our view and creases on the cloth 
come into view. The creases alter as the bodies move inside. 
Each body has its own field of force which is revealed by the creases 
on the handkerchief The general theory of relativity is concerned 
with the study of the curvatures in space and time introduced by 
matter and motion. 

The concept of a curved space-time is strictly foreign to the 
reader of relativity. Its implications are deeply rooted into the 
subject and we shall discuss them briefly later on. We will content 
ourselves for the present merely with indicating how relativity has 
changed the philosophy of mass. In relativity fields of gravitation 
can be intense enough to defy exploration It is not, for example, 
possible to explore a centrally condensed mass. Suppose we have 
a large pole going out of such a mass and a monkey runs down it with 
a rod and a dock then he will never reach the centre of the mass. 
As to % why this should be so we will learn from the general theory of 
relativity. 

In the general theory of relativity we do not confine ourselves 
to the Galilean frames only The Lorentz transformation ceases, 
therefore to fill the theatre of action from now on, new objects called 
tensors come into view. 

To understand the tensors consider first the restricted principle 
of relativity, which says that all laws of Nature are covariant with 
respect to the Galilean frames. In the general theory we want 
equations to indicate the covariance of the laws with respect to all 
possible co-ordinate systems. A tensor, equated to zero, furnishes 
an equation of this type which accounts for the importance of the 
tensors m the general theory. It is very important to know which 
relations are good for all the co-ordinate systems and which are valid 
only for a certain co-ordinate system. Suppose we look at a man 
sitting on a table through a number of convex lenses, using one at 
each time. One of the impressions that will ever persist while 
these observations are being carried out is that a man is sitting on the 
table. But we would have different impressions about the sizes 
and inclinations of the legs of the table or of the bee of the man, 
Jh*t the legs of the tabl* are uniform may be an impression when 
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there is no convex lens bat that certainly does not always remain 
tbe impression , and banco this is not anything like a tensor relation 
while the other observation, vis., that the man and die table are 
together is of the tensonal character. 

A tensor equation looks something like the following . — 


*1 

Ay, 


t% 

St 




The symbol on the left hand side is called a tensor of the order 
r where r=p + q t it is further said to be contravariant in p suffixes 
and covariant in q suffixes. The above equation really stands for 

n r equations where the r suffixes t\* 1* can each take 

up any of the values 1, 2, 3 to ti Analytically two tensors 

are alike when they have the same suffixes at the top and the same 
suffixes at the bottom, in both the places the order of the suffixes also 
being preserved. When there is no suffix attached to a symbol the 
latter is called a scalar. A single suffix gives a vector, contravariant 
or covariant according as the suffix is at the top or at the bottom. 
Essentially there 19 no distinction between a covariant and a 
contravariant vector. If a matrix A transforms a covariant vector 
into another the matrix (A 1 )" 1 transforms a contravariant vector 
into another. But if we call B*(A 1 )” , ' > (B^^A. The dash is 
used here to indicate that the rows and columns are interchanged. 
Analytically there are two types of vectors, those which are transform- 
ed by the matrix A and those which are transformed by the matrix B. 
Either type may be called co variant the other type being then 
considered to be contravariant. 

In the general theory, an infinitesimal interval ds is defined by 

^ . 1 l V tV* dxV- dx T 

T-l|t-l 

^jtT is the fundamental tensor of Relativity. Davidson and Germar f 
considered a number of tensors generated by g^ ^ 

equations of Relativity are 

G ltr“ X *|iT " “ K * T jiT" iT *jir). 

(lT is the contracted Riemann*Christoppal tensor, 

8 it G 

the energy tensor, K stands for^—j^ 2, where G is the gravitational con- 


Where G 


stant. The term X is the cosmological term. It was Ernstem who 
proposed first this small correction to his relativity equations to get a 
flute spherical universe. Later, in his exposition, Eddington baa 
attached some philosophical significance to this step, which, however, 
to not been widely accepted. It was only last year that Rwateip 
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proposed to do away altogether with X. Eddington and a large number 
of other relativists are not prepared to take this step* We shall come 
to this topic again later on* 1 

The units that are commonly used in relativity are called natural 
units and might prove to be of some interest here* In the natural 
units the gravitational constant G and the velocity of light c are both 
unity, and the unit of time is the second. The unit of length therefore 
is 3*10 10 cms., and the unit of mass is given by G = M" 1 L 1 T^ > u e., 
6 65 x 1(H ° M" 1 (3 10) 9 . (l)“ J or M ■ 4 06 x 10 18 gms , which is the 
unit of mass. This is rather a large unit for the mass of the sun turns 

ont to be only x 10 18 i. e., i-10 - * units approximately. Now 
4 06 

comes a very interesting point. Mass in relativity is recognized, us- 
ually, either from its inertial aspect in which case m as \ 10* 1 units or 
as a region of singularity of a certain radius. In the latter case, of 
course, it is convenient to express mass in units of length Now a 
unit of length here is 3 10 10 cms., and, therefore, the mass of the sun 
might be expressed as 1 5 kms 

Let us now consider the question of the interaction between mass 
and space. The Schwarzschield solution for a particle of mass m is 
of the form 

<*»» = -( 1 — r* (d0H am* 0 d9')+{ 1 - —) dt' 

It is obvious that the ‘radius* of the sun as defined above is 3 kms 
It becomes clear even from the study of the internal field of a body of 
spherical symmetry that 

2m < a 

where a is the radios of the sphere. Let P be the average density of 

the mass. Then P < | a 
8 v 

Given the average density of a sphere there is thus a limit on the 
radios of the sphere. Thus when the average density is that of water 
it can be shown that the radius of the sphere cannot exceed about 400 
million kilometres We should remark here that the limit on the 
radius given here is applicable to all spheres with a radical distribu- 
tion, the case considered by Schwarzschild being only a particular case 
vi that of a homogeneous sphere. 

Why should there be a limit at all in relativity on the radios of 
a material sphere ? The reason is this matter by its very presence 
makes the space about it curved so that as matter begins to be packed 
about a point the space about it gradually curves so that ultimately no 
more matter can be introduced inside 

Emdern's equation for a polytropic gas sphere of degree n is of 
the form 
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Where * is the "reduced” radios and $ the “reduced" temperature. 
We have worked out purely out of mathematical interest the relativis- 
tic analogue of this equation which is 


x*0 n +- d 
dx 


**^+A x 3 (0' +i +0 M+ ' + ) 
ax 

l + A0-2(»+l) Ax~ 
dx 


Here A 



being the pressure and P the density, both expressed 


in natural units x is such that at the surface of the sphere 
In Milne ’9 theory of the stellar structure the question of & centrally 
condensed sphere comes to the front In a model of this type the 
condensation at the centre may be great enough to make the applica- 
tion of the relativistic correction necessary It is with this end in 
view that we first attempted to obtain the above analogue. 

Another question that we have found of some interest to discuss 
is whether space can hold condensed radiation under its own gravita- 
tion The mathematical formulation that we have made of this ques- 
tion is as follows is it possible to have a distribution of matter for 
r ^ a such that P = P (r) « 3 p where P is the density and p the pres- 
sure 1 The result of our investigation is that radiation cannot condense 
in this manner 

There are &everal properties of the distribution of matter which 
satisfies a line-element of the form 


<&= + fti dx i 1 Xg tt dxjxgf dx S9 Xg u dx f 
where g th gtu gn$ and g u may be all functions of x h x* x% and x*. We 
6hall go into all of them, but mention here one which we have found 
to be of special interest. It is that at each point of the three dimen- 
sional space p (dv) y is a function only of x u and x% where p is 
the pressure and dv the elemental volume at the point m question. 
We may call this the adiabetic law for the expansion of space as in 
deriving it we have used the property that the proper of the 
element dv remains unchanged in time 

We come now from the interior of a material body to its exterior. 
Let us consider now the external field of a point mass. 0 The 
empirical value of*, determined in the sun's gravitational field, is 
certainly different from the value of » known in pure mathematics. 
The radial distance from r-ro to r “n 


n dr 
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We shall take fo > 2m. If — is very small 

ft 

d ” rj— r 0 +m log— ^ approximately 
The empirical value of r, say » \ will be given by v 1 * w Qjp 

Hence - — log-^- , if r 0 - 0 (m) 

r ri m 

If we take for nt the mass of the sun and for n the average distance 
of the earth from the sun we find that v 1 differs from r in the sixth 
decimal place. 

We will wind up with considerations respecting the bending 
of light which at once attracted the public attention and proved a 
genuine test of the theory of relativity. We know that a particle 
having a finite velocity at infinity describes a hyperbola under the 
gravitational attraction of another mass. If we take a corpuscle of 
light moving with velocity c its path under the action of the sun would 
be a hyperbola, the velocity is, of course, supposed to be c not every- 
where but only at the perihelion. The angle between the two 
asymptotes gives the deflection of the path of light and is found to be 

-=■ i when small where m is the mass of the son and R the distance from 
il 

the sun at the perihelion. From relativistic considerations we get for our 

deflection - 5 - in the same problem. In relativity the deflection is 

obtained by considering the field of the sun. The geodesies of the field 
are assumed to be the possible paths of lights as well as of small 
particles. The particle problem is this We consider a star occulted 
by the snn. If the light really bends round the son as theory predicts 
it should be possible to photograph the star even when it is occulted. 
But such a photograph could be taken only at a total eclipse of the sun 
for under other circumstances the stellar image would be lost sight of 
on the photographic plate In order, therefore, to calculate the bend of 
light it is necessary to predict from where and when a total eclipse of 
the snn would be visible. To add to this a known star must then be 
occulted by the sun. Only when all this is done and the weather 
conditions and the local conditions are favourable the necessary expert* 
meat can be started. 

Freondhcht 10 ) has suggested that the relativistic effect on light is 
not bugs enough to account for the observed result It has been sug* 
gested in this connection that the gravitational equations of relativity 
have not yet attained to their final form and that perhaps, they could 
be so re- written as to remove this difficulty. I understand that the 
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solar eclipse for which expeditions were sent to America last July was 
not favourable for making any new test on the bend of light* 

A certain interesting aspect of the mathematician’s mind has been 
brought to light in a recent book, "The World of Science " by a mathe- 
matician of repute, Prof H Levy. It was said by one of those cynics 
whom one meets on the London embankment that Sir James Jeans is 
the Pope and "The Mysterious Universe ” the Bible of modern science. 
The same cynic might have called Prof H Levy a Martin Lather 
For the latter challenges the significance of one of the most easily 
accepted criteria of scientific advance. This criterion is what is called 
the simplicity criterion according to which the simplest law is chosen 
when alternative laws can be found to fit facts. Prof. Levy argoes 
that the criterion is meaningless as “simplicity” itself is not mathe- 
matically defined What is simple from one point of view may not at 
all be so from another Suppose we want to find out the simplest 
mathematical law connecting x and y which would be in conformity 
with the following five pairs of values 

x-1 * = 4 x-9 * = 16 x m 25 

j> s 4ji« E 6y*8 y*10 

One might consider ( vide H Jeffreys '* The Scientific Inference ” ) the 
simplest law in agreement with facts to be y* » 4*. Bat an alterna* 
tive law according to which y ■ 0 for all values of * except the five 
may be called with equal justification the simplest law. 

I do not think the question of simplicity deserves to be treated in 
cold blood like this It really arises on the frontier of science where 
the leading scientists are continually engaged in a guerilla warfare. All 
the mathematical laws which fit in with known facts are in the field so 
long as they help further inferences and predictions Only that law 
which is most fruitful in predictions ultimately survives the rest The 
surviving law is more easdy assimilated than the alternative, less suc- 
cessful laws and is naturally treated as the simplest Thus the 
simplicity of the law may be due not to anything intrinsic but to our 
getting more familiar with it. 

A position arises in relativity where the need of the simplicity 
criterion is felt. There are three invariants K = G K 1 •'Gp G^yand 

covariant derivatives with respect to g^y 

furnish when equated to zero three alternative laws which are consistent 
with the laws of the conservation of energy and momentum. The 
law corresponding to K has been now in the field. The reason for 
choosing this particular law in preference to the other laws is that 
it has been most successful in its applications. One is also led 
to believe that this most successful law is the simplest of the three 
to work with. 
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Of the new principles that the theory of relativity has brought 
in its tram those of equivalence and identification deserve a place 
here. The principle of identification has to be very frequently used 
in special problems of relativity. The idea behind it may be very 
easily explained. A vital equation of a problem which should be 
tensor equation cannot often be put down for want of knowledge 
of the necessary tensor. But it is possible sometimes to formulate 
the equation in a certain set of co-ordinates. Suppose then that we 
hit upon a tensor whose components in the chosen co-ordinate 
system are the same that we have used then we look upon this 
tensor as the required tensor by the principle of identification. 
This principle has been used in equating the components of an energy 
tensor with multiples of those of the contracted Riemann-Christoffel 
tensor. The general gravitational equations of relativity were first 
written down in the cartesian co-ordinates and were taken over to the 
tensorial form by the use of the principle of identification. 

The principle of equivalence is, comparatively, of greater impor- 
tance, in the formal development of the theory. According to this 
principle some of the differential equations which are true for a flat 
space- time are also taken to be true for a curved one There is no 
a prion reason for doing so in a particular case. The method followed 
here is simply to try and see. When the method is successful 
appeal is made to the principle m question v when it fails it is not 
the principle that is blamed but the equation under consideration ! 

Talking generally, in applying both the principles mentioned 
above the procedure adopted is the same Starting from certain 
assumptions we deduce first their logical consequences to some length. 
Then we try to proceed backwards by inference from certain data 
which are either empirical or which still hold the field because of 
their success. The processes of deduction and induction are thus 
welded together at some point where an appeal is made to one of the 
two above principles. 

We shall now try to present one or two problems in the theory 
of relativity that have occurred to us. We propose to consider two 
kinds of static solutions of Einstein’s field equations for gravitational 
phenomena . firstly, those which give the field inside and in the 
neighbourhood of a condensation, and secondly, those which give static 
universes. Our own universe is now considered to be expanding but 
as the cause of the expansion from an initial state, static and unstable, 
is not yet fully explored it may be worthwhile to discuss different 
static states that are mathematically and physically possible. 
However some considerations will be first presented about the 
solutions of the field-equations in general, 
w 
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The form of the line-element that comes very frequently In 
cosmological discussions is 

dtf *= — 8 \dx\ — 0 Vf*S — + ®*<rf**4 

where each 0 is a function of in, **, x (l and If we pat 0 i<£r t m dXu 
SjdXt ■ dX i etc., Xi, Xj, Xb and X4 become, in general, qnasi-co- 
ordinates. If only the pnncipal components of the energy-tensor exist 
the relativity equations reduce to the following , 


A’i0i_ 

0i 

1 

0> 

d*6 f 

dX\ 

1 

0i 

d*0»_ 

dX\ 

1 

04 

d*0 4 

SxV 

AVi_ 

1 

d*0, 

1 

d*0» 

1 

d»0 4 

0. 

01 

dX\ 

0s 

dX\ 

04 

dX*« 

_ A**0» _ 
0. 

1 

01 

d*0,_ 

dX*» 

1 

0* 

d'Q 

dX\ 

1 

04 

d ’04 

dXY 

_ A*401 + 

1 

".+ 

1 

«» + 

1 

d*0» 

04 

0i 

d\\ 

0i 

dX\ 

0. 

dX* i 


Besides these there are the six equations 


X-8v (T\-JT) 
X-8w (T®*— JT) 
X-8r (T»,-*T) 


X— 8» (T* 4 -iT) 


” H*- " °’ “V 1 “ = °* ** «tc., 

*8 OTi 04 

1 

In the above A stands for the Laplacian operator for 

i • a s » i s s t 

8 dx + 8 dx - 9 dx t similarly for A » A and A 

I | II 4 4 )| 4 

As regards the six operators of the type Ah we have 

<f® _ log 0i d d log 0 t d 

Aw dx i dXi dx t dx y dx x dXi 


This type of operation is also associated with the name of T -n pl a ^* and 
the operator is known as the Laplacian operator of the second Und. 

A most general discussion of the above ten equations would 
be beyond our scope. But we can suggest a way for obtaining new 
particular solutions For this split up the last six equations into the 
following twelve 

A»0i * Ah *0, Aii 0i = An 04 ■ 0, etc. 

We have obtained some particular solutions by solving these sixteen 
equations which we hope to publish in detail elsewhere. Here we 
ahall merely content ourselves with the remark that some of the moat 
well-known solutions belong to our group, vtm., Lemaltre's solutions 
and Schwarzy child's for a particle 

We do not think that the general field of a nebula has been 
worked out, even to the first approximation in any of the standard 
text-books or memoirs on relativity. The result of our examination 
yields the following line-element ■ 
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rfj*- - gXr-®) (dJ+df+Jf) 

+ (l+~Pr , jXf*+4T^r , +®) <«* 

Hen ® stands for 2 ^+ 2 ^ I ^when 

fl ff fa 

i*utn$ $ mu Mh are supposed to be n masses whose 

d istances from the current point ore n, r$ t r a respectively. 

Also the solution gives that p may be a function of time in which 
case P is such that P— 3p remains constant. 

The working oat of this problem ap to the second order is beset 
with almost insurmountable mathematical difficulties. The rela- 
tivistic analogue of the problem of two bodies has not yet been solved. 
It is perhaps worthwhile looking into the problem of two fixed point- 
masses. We find that the line element to be taken for the explora- 
tion of the field is in dipolar co-ordinates of the form 

ds —A Coscec* fl (dr +dr ) + 2 B cotflJridr* 

1 i 

— \ | r r su^fldfl'+c**#* 

™ i t 

where n r$ am fl is twice the area of the triangle formed by current 
point and the fixed positions of the two masses , A, B, C are all 
functions of f\ and rj to be determined by solving the relativity 
equations. The differential equations that arise in this investigation 
have not yet been completely solved. 

RELATIVITY AND COSMOLOGY 
II 

Cosmology deals with the origin of the universe and cognate pro- 
blems. Once it was all talk — mere speculations— but now, and parti- 
cularly since the advent of the theory of relativity cosmology is being 
guided by mathematical thought. Even in relativistic cosmology the 
speculative element is quite conspicuous and from the nature of the 
subject it is difficult to believe that this element could ever be wiped 
out of the subject 

It was Einstein who started the study of the world from the 
relativistic point of view. The theory of relativity had already been 
found more successful than gravitation for the phenomena of the Solar 
system. It was therefore natural to extend this theory as Einstein did 
to a much larger system, ptz , the world as a whole. Such an extra- 
polation, it should be remembered, was also made by Newton and it 
met at the tune with an amazing success. 

Einstein presented in his earlier discussions two reasons for believ* 
ji y the work! to be finite. His first reason was not acceptable to 
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many and it was supposed to be doe to the influence that Mach exer- 
cised over him. Mach contended that the inertia of a body increases 
when the other bodies in the universe are brought nearer to it. Eins- 
tein showed that this could be true only in a finite universe. 

The other argument was more convincing to mathematicians. If 
the celestial bodies were subject only to the gravitational influence then 
the mean velocities of the stars of a cluster would be, as it has been 
found out, much greater than what they actually are. This shows 
that there is an all-pervading field of force which diminishes the influ- 
ence of gravitation. Now it is the property of a finite static world to 
have such a field These considerations led Einstein to take for a 
model of the universe a finite and unbounded one as presented by one 
of hi9 solutions of the relativity equations 

Let us now consider some of the questions that have been 
provoked by the phrase “a finite and unbounded universe". The 
universe can be at once finite and unbounded just as a circle can be 
said to be so because its length is finite while it has no beginning or 
end i.e , no boundaries. Similarly a sphere has a finite surface and is 
still unbounded The Einstein universe is a hypersphere whose surface 
is three-dimensional Mathematically the departure from the familiar 
sphere to the hypersphere is a mere matter of taking one more variable 
while mentally the hypersphere defies conception. It is only by those 
who cannot conceive of a hypersphere the question is asked as to what 
is outside the universe, if it is finite This enquiry is generally due to 
the associated idea that a sphere can be perceived outside another. 
Well I This is so because the two spheres exist in a three-dimensional 
space that can be explored by our senses. Similarly a hypersphere 
may exist outside another but the two form part of a four-dimensional 
space which cannot be explored by the senses. Thus we can pass 
from our finite universe to another “outside" only if we can stretch our 
limbs m the fourth dimension. This fgurth dimension is space and 
should not be confused with what usually stands for the time-dimension. 

The Einstein universe is characterized by a homogeneous distribu- 
tion of matter, absence of pressure, and a linear relation between the 
total mass and the radius of the universe, vie. , 

c 1 4 

Here M is the total mass , relative or proper, it is the same aa than 
is no pressure. G is the gravitation constant, c the velocity of light 
and R the radios of the universe. The linearity of the relation 
between M and R first came as a surprise to many but it can be 
derived even from purely gravitational considerations. Let R be the 
radius of a sphere and M the total mass contained in it. If this sphere 
il a very close model of the universe there must be something at tbs 
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aorfoOB of tha sphere to limit the extent of the tmiverte. Tbe boundary 
condition we can think of is that radiation follows along the surface of 
the sphere* If we taka the centre of the sphere as the centre of 
gravity of all the masses and c for the velocity of radiation we have 
by equating the accelerations at the boundary, 

^-4 or M.G-c’R 
R R 

Another interesting interpretation of this relation is that it defines the 
gravitational constant in terms of the total mass and the sue of tbs 
universe 

There were two serious objections to Einstein’s theory • One was 
that Einstein'9 universe is devoid of motion and another that a conden- 
sation of matter cannot exist in the universe The actual universe is 
full of both motion and condensations and hence the Einstein’B could 
not be considered a successful model of the universe. 

An alternative solution of Einstein’s relativity equations gave Do 
Sitter another model for the universe. This is called the De Sitter 
universe. It is isotrophic in space and time but devoid of matter A 
powerful field of repulsion occupies the whole universe so that any 
particle introduced into it is repelled from the centre. Evidently as a 
model the De Sitter universe is as unsatisfactory as the other. But it 
is clear that the properties of the models are complimentary and the 
required model for the universe lies somewhere between these two 
extremes. 

Before considering a senes of solutions of Einstein’s equations 
from Einstein's to De Sitter's let us note a property of the latter. 
IWtime-eleraent for De Sitter’s universe may be expressed in the form 

da*"— R’ [dx*+um*x (d9*+sw*$d<t>*)] +coa *xdi* 

At x " — the time comes to a standstill, and this plane, therefore gives 

what is called the horizon of the universe. The horizon was first 
interpreted by Weyl as the seat of matter in this universe but this 
view has found no support. All singularities and eccentricities 
associated with a space-time frame cannot be necessanly due to the 
presence of matter ; some of these may be purely of a mathematical 
interest and they can be transformed away. 

All the static spherical universes that have both matter and 
motion have a line -element of the following form 

ds» - - R* [<£**+ sin** (dtf'+sinW)] + (A-B coax)* ** 

where A and B are arbitrary constants. B“0, A“±l give the 
Eiqstem universe while A«0, B- ±1 gives the De Sitter universe. 
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The pressure p and the density P an distributed according to the 
following formulae * 

. 1 , 2 B cosag 

8 *P- X ~r* + R*(A— Boot*) 

8 rP ■ — X +j^ 


& +(f+W ®!!E£-. 

dx A B co bx 


For those models for which | -g- J >1 there is no horizon while for 

I A I 

— < 1 there is. The models of the latter group 

B i 


are obviously of no physical interest and of the former group only a 
few which have the pressure and density everywhere non-negative are 
of some interest. Even here the uniform distribution of matter on the 
one hand and the uneven distribution of pressure on the other make 
these few models extremely artificial; and although they are so we 
have mentioned them as they have not received any notice in the 
general literature on cosmology. 

The solution which was first discovered (1923) by Friedmann and 
later independently rediscovered (1930) by H. P. Robertson and 
Lemaltre gives the well-known theory of the expanding universe. It 
should be remembered that Do Sitter's solution had one special advan- 
tage over Einstein’s, v«s., that it admitted the recession of such 
distant objects as the spiral nebulae. A study of the geodesies in de 
Sitter's universe shows that bodies at a distance from the centre move 
with velocities proportional to their distances. Now the spiral nabulae 
are the most distant objects known to the astronomer. They are 
being studied spectroscopically for fifteen years. The reddening 
of the light coming from these nebulae has been attributed primarily 
to their recession. But the recession could not give any support to De 
Sitter’s theory until it was observed that all the spiral nebulae are 
receding. On a careful examination some of the spiral "«hnla« 
turned out to be exceptions. Later on these exceptions were explained 
away by the motion of the Solar system as whole. Hobble and 
Hnmason who have been engaged on the problem of the spiral nebulae 
for the last ten years present a linear relation between the dwhuvs— 
and velocities of the spiral nebulae. The observational data in 
support of the linearity are not yet as satisfactory as they should be. 
The theory of the expanding universe has come into 1 prominence 
mostly because it is in agreement with the linear relation. 

We cannot pass on to the theory of the expanding nnivarse 
without referring to two vital objections to it One ia that the 
reddening of the light may be due to the photons losing their energy 
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in collision on their way to ns from the distant nebulae. It seems 
that the reddening from this source is not strong enough to account 
for the observed shift. Another objection is doe to a similar argument 
advanced by Macdonald that energy might be leaking from the photon 
at a very slow rate on its way from the nebulae. The leakage is 
conspicuous because of the long time taken by light in reaching the 
earth from the distant spiral nebulae. So far as we know this objection 
has not received any consideration from the physicists. 

The line-element for a non-static universe may be stated as 
— R* [d^+sin^x ((W , +sin*Wfl l ] +<#* 


Where R is a function of tune. The distribution of matter in the 
universe is subject to the equations* sometimes called Lemaltre’s 
equations, vis.* 


X + KP 



where K 


2X-K (P + #)«6?L 
R 

■ ^ 7 ^ in the usual notation and R means— etc 
C* dt 


We 


cannot know from the above two equations whether the universe 
is expanding or contracting or oscillating. The equations simply 
tell os that the radius R of the hypersphere under consideration is a 
certain function of tune obeying certain restrictions. Two methods 
have been used to take the problem of evolution. One method is to 
supplement the relativity equations with on additional one represent- 
ing a physical criterion. Another method is to pat X “0. Let ns 
first study the second method. 

The constant X was first introduced by Einstein for cosmological 
considerations only. It is so small that the modification introduced 
by X in the relativity equations is negligible for all other considera- 
tions. Thus the modified relativity equations were 
G«r - Xgw - - K (TV- }Tg«r) 

Only tbs equations so modified can give the finite and unbounded 
static universe of Einstein. Ws have already mentioned ^hat Einstein 
was led by several reasons to think that the universe is finite. 
Kanes it is clear why the modification was effected. 

Eddington has advanced philosophical considerations to justify 
Einstein's modifications. He argues that the principle of the relativity 
of length must be introduced to make the theory of relativity logically 
complete. When we say that a certain rod is ten metres long we do 
so by wwpawng it with some standard rod usually placed at a different 
place. Such a comparison assumes that the standard tod when moved 
from place to place remains unaltered which is certainly without any 
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justification. Ws therefore want a standard for comparison at any 
place and that is furnished by the local radius of curvature which is 
determined by X. X has the dimensions L* 1 . For the Einstein 

universe X ■» The length of any vector Ar is i/gur A A r . 

R 

This is connected with the invariant 7G m A" A r by 
Gar A" A r "= X » Gnr A n A' . 
in free space. Thus 

^ _ gnr A° a ; _ ^Gor A A 7 

7 \ 

the local length the local value 

or " of a certain in- 

the local radius of curvature variant. 

The importance of X in this respect has not yet been recognised 
by several relativists. Einstein himself in 1931 put X“0 firstly 
because the non static solution does not need X and secondly because 
it has introduced a number of difficulties that have not yet been got 
over. Perhaps it was De Sitter who first suggested that X is a 
constant too many in LemaUre's equations. 

It is now necessary to tell why an expanding universe is preferred 
to the other non-static universes If we imagine ourselves to be at 
the centre of an expanding bubble we observe a scattering and reces- 
sion of the marks on the bubble. Our own universe may not be a 
perfect sphere. It is highly irregular at places and yet a hyperspherical 
universe serves as a model to our own. The surface of the hyper- 
sphere is three dimensional and the planets, the stars, the nebulae etc., 
are landmarks on the spherial surface Now the recession and scat- 
tering would be most conspicuous in the most distant objects. The 
proof of the expansion is therefore to be sought m the spiral nebulae. 
The spiral nebulae are observed to be receding according to the 
approximately linear relation between distance and velocity, vt* , 600 
kins per second per parsec. Eddington has been able to predict from 
the space interaction term in the wave equation of an electron that the 
velocity of recession is 528 kms. per sec. per parsec. In view of the 
uncertainty of the astronomical data employed here the agreement 
between theory and observation may be said to be remarkably dose. 

Let us consider now Lemaltre's equations for an expanding 
universe with X “0 as has been suggested. Then 
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Since p must be ever non-negative and P always positive there cannot 
be a stationary state for which R 0, R ■ 0. Moreover as R is always 
negative the universe will expand to a certain maximum and then 
contract till the matter of the universe allows it to. 

A serious objection to the above theory is that it gives no satis- 
factory answer to the fundamental question as to how the expansion 
arose or what the initial state of the universe was. It has therefore 
been found necessary by certain investigators to keep X as it is and to 
supplement the relativity equations with a criterion to obtain a 
solution. 

It is fair to state m the very beginning that no satisfactory 
criterion has been discovered so far. In his original paper Lemaltre 
suggested that the conservation of the proper mass should be assumed 
with the cosmic pressure always negligible In the real universe the 
proper mass is certainly not conserved as the celestial bodies ( most of 
which are radiating ) lose it in radiation , for radiation has no proper 
mass. That the relative mass is conserved is also an unsatisfactory 
hypothesis as it changes with motion Lemaltre did sketch out m his 
first paper the evolution from the Einstein state which 19 a stationary 
state of Lemaltre universe But his assumption that the pressure is 
negligible withstood all attempts to explain the origin of expansion in 
the Einstein universe 

Eddington has shown that the Einstein universe is unstable. 
According to him it is quite a reasonable hypothesis that the Einstein 
state was one of the initial states of the universe. In this model there 
is a homogeneous distribution of matter In the universe as it is most 
of the matter has been condensed into stars and nebulae The ques- 
tion that now strikes one is whether the expansion arose owing to the 
formation of condensations in the Einstein universe. There is one 
difficulty at the outset, that of the time-scale. It is estimated that the 
stars are about 10” years old while the expansion 19, comparatively 
quite a recent phenomenon as it could have arisen only 10 10 years ago. 
De Sitter is serious about this difficulty while Eddington takes the 
view that once the problem of the expansion is solved reasons may be 
found out to bring the age-limit of the stars much nearer to 10 w years. 

Confronted with the above question McVlttie and McCrea 
started with building a mass condensation in the Einstein universe so 
as to see whether the volume of the universe thereby increases, the 
total proper mass being supposed to be conserved. They started with 
two different line-elements and obtained contrary results. There is 
nothing puzzling about them as it was doubtful whether the mathema- 
tical singularities considered by them were mass-points at alL Later 
on they discovered another mistake in their calculations and have now 
come to the conclusion that the second order terms will have to be 

x 
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considered to know whether the increment in volume is positive or 
negative. 

It seems to us that the real difficulty m the procedure is due to 
the mass-point being not well defined. The problem of a mass placed 
in the Einstein world must be fir9t solved . the equations governing the 
field of the mass must be fully solved , and then only we can consider 
the effect of the formation of condensations on the Einstein universe. 
In a static universe the field outside an isotropic singularity is given by 
the line-element 

ds 8 = - e |jl dr 1 - r s (d$* + sin* $d <#>*) + erdt * 
where p,, V and p t P are governed by the following field-equations . 
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m and « being the mass and the radius of the condensation. One 
may at once anticipate that all singularities subject to these equations 
cannot be identified with mass-points whose properties are fam.l.q f 
an assumption connecting the four variables p, P and |i,v is necessary! 

De Sitter who was the first to look into this question 
P to be constant. His solution was only a first approximation 
Silbersteu, however, considers this for a higher approximation and 
shows that the apparent difficulties at the polar of a m aaa . p f v I Dt ^ 
real and they cannot be transformed away. Moreover, while P is 
constant p becomes a function of position which mnl^ Sitter’s 
assumption extremely artificial. McVittie and McCrea m tke an 
assumption about v. This is also very unsatisfactory as one doubts 
as to whether the singularity obtained by them is a mass-pout 
at all. This is certainly a vital point in the determination of the 
of condensations on the volume of the three-dimensional 
mathematical singularities of different types may lead to d ifferent 
results. 

A criterion is therefore necessary to distinguish a mass-pout 
from the other, mathematically possible singularities that inevitably 
arise in the solution of Einstein's equations. This criterion to be 
furnished by the external field must be of a tenoral form. For 
it is than that any peculiarities of the external field which are not 
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desirable can be transformed away if at all. A suitable criterion 
is furnished by the world curvature G which is given by 

G-KT+4X 

We see at once from Schwarzschild's solution that a mass-point in 
empty space does not alter G. Extending this idea to the world full 
of matter and motion the criterion for a mass-point to be taken is that 
the world -curvature is not disturbed by it. This is the extra condition 
necessary to supplement the held equations to determine pfi and p,,v. 

The above criterion also furnishes tbe much needed extra condi- 
tion to determine the evolution of the Lem alt re universe. Consider 
an Einstein universe in which condensations are formed Then 
everywhere except at these singular points the criterion furnishes an 
equation. As we have shown elsewhere this is enough to indicate 
that such condensations produce a tendency in the universe to expand. 

We are giving in the end a number of references for those who 
want to pursue the subject further It should however be remembered 
that no theory of cosmology can ever be complete as the observational 
data are ever so poor One wonders as to what would be the theories 
three or four years from now when the new 200 inch telescope at 
Mt. Wilson becomes ready for observation 1 
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THE PART OF MATHEMATICS IN THE HISTORY 
OF THOUGHT 
By 

D C PAVATE 

The general impression of a fairly cultured man about mathematics 
u very vague if not blank Probably he has a faint recollection that 
mathematics is concerned with elaborate formulae and bewildering 
constructions involving a copious use of symbols and diagrams entirely 
unintelligible to the majority of people The essential features of 
mathematics remain unnoticed by a man of average education still less 
can we expect him to understand the part it has played m the history 
of thought or the contribution it has made to the progress and civiliza- 
tion of mankind I propose to discuss in this paper the profound 
influence mathematics has exercised on the thinking minds from the 
ear heat times up till now 

It is held that Mathematical Science is the most original creation 
of the human spirit, though another claimant for the same honour is 
music. The originality of Mathematics consists in the fact that rela- 
tions between things are exhibited m the Science of Mathematics which 
are extremely unobvious apart from the agency of human reason. On 
reflection we see that mathematical thought is all pervading and 
enters every department of mental activity The grocer when he 
weighs his sugar makes use of mathematical conceptions f when he 
enters his receipts, he uses a notation developed by a mathematician. 
The engineer employs methods and concepts of mathematical thought 
whan he is building a bndge The philosopher reflects on space and 
time, on number and quantity, on matter and motion which as well 
belong to the regions of mathematical thought Recent developments 
in the study of heredity and eugenics have been rendered possible by 
the powerful weapons of mathematics The study of statistics depends 
on the use of graphs and mathematical calculations. 

Let us stretch our imagination backwards through thousands of 
years and endeavour to realize the gradual development of mathemati- 
cal ideas. Take the question of numbers The number * two ’ applies 
to appropriate groups of any entities whatsoever — to two eyes, two 
apples, two books, two days Ac. Thus the numbers are independent 
of any a aggregate ’ and 1 aggregates ’ which are equivalent to one 
another are said to have the same number. If we compare the num- 
ber 1 five * to the number ' two ’ we are thinking of two groups of 
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things. It is a remarkable feat of abstraction to establish this relation- 
ship between two groups of entirely different objects. The man 
who discovered the analogy between a group of seven apples and one 
of seven days made a notable advance m the history of thought. He 
was the first man who established a concept belonging to the Science 
of Pure Mathematics. 

Let us see what is the function of Pure Mathematics in thought. 
It is a resolute attempt to go the whole way m the direction of com- 
plete analysis so as to separate the elements of mere raatter-of fact from 
the purely abstract conditions which they exemplify The characteristic 
of mathematics is that in it we have always got rid of the particular 
instance and even of any particular sorts of entities No mathematical 
truths apply merely to fish or merely to stones or merely to colours. 
So long as we are dealing with pure mathematics, we are in the realm 
of complete and absolute abstractions The reason insists that if any 
entities whatever have any relations which satisfy such and such 
purely abstract conditions, then they must have other relations which 
satisfy other purely abstract conditions. 

The second characteristic is the certainty of mathematics which 
depends upon its complete abstract generality Such an abstract 
generality cannot be arrived at without some presupposed conditions. 
These are called the axioms and postulates which have not a priors 
certainty without some definitions. The third characteristic of mathe- 
matical abstraction is that our abstract postulates hold for the 
particular case in question To take an example from arithmetic 
It is an abstract truth that any group of forty entities can be subdivided 
into two groups of twenty entities. So coming to a particular case, 
we conclude that a particular group of 40 apples can be subdivided 
into two groups of apples of which each contains twenty apples. 
But there remains the possibility that we have miscounted the big 
group and one of the two heaps, on subdivision has an apple more 
than the other. Thus there is great room for error m the process of 
verification for the particular case. The function of a mathematician, 
therefore, is not to see whether his definitions and postulates are 
accurate representations of things or not in our physical universe but 
to see that they are not self contradictory and are mutually consistent- 
Thls is the essence of mathematical physics. When mathematical 
processes are applied to physics, an assumption is made that the 
definitions and postulates in the Science of matter are applicable to 
Physical phenomena. If this assumption is incorrect, the mathemati- 
cal deductions disagree with experimental tests. 

This love for abstract generalisation enlightens every act of the 
functioning of the human mind. It emphasises the direct esthetic 
appreciation of human experience. Secondly there is the abstraction 
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of tbs particular entities involved, viewed, in themselves and as apart 
from that particular occasion of experience in which we are apprehend* 
ing them Lastly there is the further apprehension of the absolutely 
general conditions satisfied by the particular relations of those entities 
m that experience. They are conditions which might hold for an 
indefinite variety of other occasions involving other entities and other 
relations between them These conditions are perfectly general 
because, they refer to no particular occasion, to no particular entities 
and to no particular relationship between such entities. The generality 
of mathematics is the most complete generality consistent with the 
community of occasions, which constitutes our metaphysical situation. 
Thus the idea of a 1 variable ' is introduced into mathematics and 
mathematical logic because, the general conditions transcend any one 
set of particular entities It is by the introduction of thi9 notion that 
the general conditions are investigated without any reference to the 
particular entities. The exercise of logical reason is always concerned 
with these absolutely general conditions The harmony of the logical 
reason is the most general aesthetic property arising from the mere 
fact of concurrent existence in the unity of one occasion. Whenever 
there is a unity of occasion there is thereby established an aesthetic 
relationship between the general conditions involved in that occasion. 
This aesthetic relationship is that which is divided m the exercise of 
rationality This reasonable harmony means that for things to be 
together involves that they are reasonably together. 

Pythagoras who lived in the sixth century B C. was the first man 
who had any grasp of the full sweep of this general principle. Though 
our knowledge of him is fragmentary we know some points which 
establish his greatness in the history of thought He insisted on the 
importance of the utmost generality in reasoning He divined the 
importance of number as an aid to the construction of any representa- 
tion of the conditions involved in the order of nature. He studied 
Geometry and discovered a general proof of the remarkable theorem* 
about the right angled triangles. On the side of Philosophy, he has 
discussion which has agitated thinkers ever since "What is the status 
of mathematical entities, such as numbers, for example, in the realm 
of things ?" The number 11 two " for example is in some sense exempt 
from the flux of time and the necessity of position in space. The 
same thing can be said of Geometrical notions. 

Pythagoras is said to have taught that mathematical entities such 
as numbers and shapes, are the ultimate stuff out of which the real 
entities of our perceptual experience are constructed. As thus stated 
the idea seems to b e crude and indeed silly. But undoubtedly he had 

* The general theory as well as a general proof of it lad bean dis- 
covered in India long before Pythagoras discovered what la surmised to be his 
proof of it. 
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hit upon a philosophical notion of considerable importance — a notion 
which has moved the minds of men for centuries together. To-day 
when Einstein proclaims that physical facts such as gravitation are to 
be construed as exhibitions of local peculiarities of the properties of 
space and time, he is merely following the pure Pythagorean traditions. 
The philosophical speculations of Pythagoras reach us through the 
mind of Plata The Platonic world of ideas is the refined form of the 
Pythagorean doctrine that the number lies at the base of the real world. 

Let os examine the developments of Geometry The subject was 
originated in the empirical observations of the Physical world But it 
has assumed forms of ever increasing abstractions. At the time of 
Pythagoras it became a purely rational science and the further develop- 
ment of Geometry was no longer dependent on the empirical observa- 
tion. In rational Geometry points, straight lines, circles etc , are dealt 
with not as physical objects but as abstractions from objects perceived 
by senses These possess certain properties in perfection which we 
only approximately realise in the Physical world For example the 
straight line in rational Geometry has the properties of linearity and 
straightness m absolute perfection, whereas these properties are only 
imperfectly realised in any physical object which we may take as 
affording on approximate idea of a straight line The precise properties 
of these idealised objects are fixed by means of some scheme of defini- 
tions, axioms and postulates, the nature of which is, to a large extent 
but not wholly, determined by empirical observation of actual relations 
in the physical domain. The history of geometry is of general interest 
because, Geometry may be regarded as the type of rational science 
which every science may be expected to conform to, at the distant 
time when a schematic representation of the Phenomenon with which 
it deals, is set up 

Thus Plato and Pythagoras contributed a lot to the concepts of 
mathematical reasoning Aristotle now threw emphasis on classifica- 
tion by his Logic. Classification is a half-way house between the 
immediate concreteness of the individual thing and the complete 
abstractness of mathematical notions. Classification is necessary but 
nnl«a> we can progress from classification to mathematics, our reason- 
ing will not take us far. Thus the popularity of Aristotelian Logic 
retarded the advance of physical science throughout the middle ages. 
In the interval of nearly two thousand years between the time of 
Pythagoras and Plato to the 17th century, mathematics had made 
imwiwm strides on technical lines but did not play much part as a 
formative element in the development of Philosophy. Some of the 
old lingered on but philosophy received no fresh inspiration from 
the steady advance of mathematical science. In the 17th century the 
influence of Aristotle was at its lowest and mathematics received its 
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importance of the earlier period. It was an age of great philosophers 
and great physicists, and the physicists and philosophers were alike 
mathematicians. It was the age of Galileo, Descartes, Newton and 
Leibnitz. Mathematics was an influence of the most pronounced 
order in the formation of philosophic ideas. The mathematics that 
now came into prominence was a different science from the matbe* 
matics of the earlier epoch. It had gained in generality and begun to 
apply some of its results to physical science or to the philosophic 
thought thus helping both subjects to grow Arabic notation of decimal 
system, Hindu developments of Algebra and Trigonometry had been 
already contributed by Asiatic thought Thus arose tbe idea of a func- 
tion of one or more symbols (these symbols being letters called 
arguments or variables). Algebra thus develops into the general 
science of analysis in which we consider the properties of various 
functions of variables. Finally the simple known functions like the 
algebraic functions, logarithmic functions and trigonometrical functions 
suggested the idea of any function , the rise of algebraic analysis led to 
Descartes’ discovery of Analytical Geometry and then to the I nfini te- 
aimal Calculus by Newton and Leibmtz. There is no sharp distinction 
between algebraic analysi sand the Infinitesimal Calculus except that 
the latter involves the process of limits. 

In the 17th century this idea of a general function was dominant 
in the abstract sphere of mathematics and enabled mathematicians 
to put the laws of nature in nice and elegant forms Mathematics 
thus supplied the background of imaginative thought with which 
the men of science approached the observation of Nature. Galileo 
produced formulae, Descartes and Newton did the same. It was 
only in the last century that the increasing complexity of both the 
subjects, Mathematics and Physics, produced the separation of the 
two departments. In the 17th and 18th century tbe Mathematician 
and Physicist were one and the same man. Mathematical thinking 
has played a very important part in tbe formation of the fundamental 
concepts of the Physicist. Take for example the conception of Energy 
and the exact meaning of the great generalisation known to us as the 
Principle of conservation of Energy This principle was the direct 
outcome of the development of the abstract side of molar mechanics 
which enabled us to define K. E. & P. E. as work in measurable 
quantities This mathematical expression was so elegant and so apt 
that it naturally got extended to the molecular domain The doctrine 
of the conservation of Energy was a necessary presupposition of 
further development for Joule and Mayer, who regarded beat as a 
form of energy. Joule was able to determine the mechanical equivalent 
of heat only because the mechanical work was already regarded as a 
measurable quantity. Tbe notion of Potential which is a fundamental 
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subject in Electromechanics and which is constantly employed by 
every electrical engineer was first developed as a m a them atical 
conception during the 18th century in connection with the theory of 
attractions of gravitating bodies. It was transferred to the electrical 
d omain by Green and others together with a good deal of detailed 
mathematics applicable to the potential function. 

Another example of the effect of the abstract development of 
mathematics of the Science of those times was the notion of perio- 
dicity. We are all familiar with recurrence in our ordinary experience. 
Days recur, lunar phases recur, the seasons of the year recur and 
beats of the heart recur. The recurrence forms the fundamental 
basis of our knowledge. Thus in the 16th and the 17th centuries, the 
theory of periodicity took a fundamental place in Science. Kepler 
divined his three famous laws about the orbits of the planets and 
the periods in which the planets described their orbits. Galileo 
observed the periodic vibrations of pendulums. Newton explained 
sound as being due to the disturbance of air by the passage through 
it of periodic waves of condensation and rarefaction. Huyghens ex- 
plained light as being due to the transverse waves of vibrations 
of a subtle ether. Mersenne connected the period of the vibration 
of a violin string with its density tension and length. The birth 
of modern Physics depended on the application of the abstract 
idea of periodicity to a variety of concrete examples. 

Now the Science of Trigonometry arose long ago from the ratios 
between the side and hypotenuse of the right angled traingle. Put 
under the influence of the general idea of functions it broadened out 
into the study of the simply abstract periodic functions. Thus trigono- 
metry became abstract and hence useful. The theory of representation 
of a function of a real variable by means of trigonometric series has 
revolutionised the whole mathematical world. It is an indispensable 
weapon in the hands of a physicist and at the same time has exercised 
the most far-reaching influence upon the development of modern 
mathematical Analysis. It is indeed very surprising that as mathe- 
matics withdrew increasingly into the Heavens of great extremes 
of thought, it returned to the Earth with a corresponding growth 
of importance for the analysis of concrete fact. It seems clear now 
that the utmost abstractions are the true weapons with which we are 
to control our thought The theory of sets of points arose directly 
from questions connected with trigonometric senes. The precise 
formulation by Rieman of the conception of definite integral and the 
gradual development of the modern notion of a function as existent 
independently of any special mode of representation by an analytical 
expression, are further examples of the results of the study of the 
properties of these senes upon mathematical analysis. It is significant, 
T 
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however, all this hod its origin in the attempt to investigate the form 
of a stretched string m a state of vibration. This eventually led to 
theory of Fourier Series. 

Fourier himself did not give any complete general proof of the 
convergence of the Series to the value of the function. Although 
this problem arose from the applications to the physical phenomenon, 
the problem of convergence has given such an impetus to the 
development of the Theory of Functions. It is ont of place here to 
narrate the whole history of the theory of Fourier Senes and the 
brilliant researches from the point of view of abstract thought, it has 
led to uptil now. The subject is by no means closed even now , 
but I shall simply point out the ultimate progress of humanity such 
problems lead to. A pure mathematician 19 never satisfied with the 
Fourier Series which converges everywhere normally. Very often 
a mathematician’s generalisation from a non-utilitarian point of view 
has led to astounding results. Early in the last century some of the 
brilliant mathematical physicists were engaged in establishing the 
relation between the phenomenon of Electricity and of Magnetism. 
They were solely actuated by intellectual curiosity m bridging the gulf 
between the two important phenomena Had their spirit been 
utilitarian, they would have probably left the matter on one side as 
holding out no prospect of useful application. At last it was found 
that Electricity in motion produced the same effects as magnets at 
rest, and vice versa. The result of this discovery has enabled us to 
have such physical comforts as motor cars, the telephone, and the 
electric telegraph and various other things. 

Though an all round progress was made in the 19th century in 
Pure mathematics, the influence of mathematics upon the general 
thought of the age was not considerable Its influence was on 
dynamics and physics and consequently on engineering and chemistry. 
Yet it is difficult to overrate its indirect influence on human life 
through the medium of these sciences Since the technique had been 
perfected its progress was easy though uninteresting 

On a retrospect we see that there are two great periods of direct 
influence on the history of Mankind. The first period was that stretch* 
ing from Pythagoras to Plato when the possibility of the Science and 
its general character dawned upon the Grecian thinkers. The second 
period comprised the 17th and the 18th centuries of our modern epoch. 
In both the periods there was an awakened curiosity and a movement 
towards the reconstruction of traditional ways Critical scientific 
interest was present in both the periods. The parallel between the two 
epochs must not be pressed too far. The modern world is larger and 
more complex than the ancient one. We are now entering upon an 
age of reconstruction in religion, in science and in political thought 
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If we are to avoid mere ignorant oscillation between extremes, we 
are to seek truth in its ultimate depths. There can be no vision of this 
depth of troth except in a sound philosophy which takes full account 
of those ultimate abstractions, whose interconnections it is the business 
of mathematics to explore. 



THE INFINITE IN MATHEMATICS* 

By 

G L. POPHALE, B. A. (Bom.', a A (Cantab.), Barrister at-Law, 

Sir P College, Poona 

“ But what has been satd once, can always be repeated!* 

— Zeno of Elea, as quoted by Simplicius. 
1. Concept of Infinity Indispensable to Mathematics 

Modern analysis is nothing but the theory of infinite processes, 
where by an infinite process I mean a set of operations which produces 
an infinite sequence. On a little reflection, the statement will be 
obvious. The arithmetic continuum forms the central pillar that 
supports modern analysis , and this central pillar could not have been 
constructed but for the work put in by great artists like K. Weierstrasa 
(1815-1897), R. Dedekmd (1831-1916), and G. Cantor (1845-1918). 
In putting the theory of irrational numbers on an arithmetical basis 
both Cantor and Dedekind start from the domain of rational numbers. 
But in arriving at the domain of real numbers, the arithmetic conti- 
nuum, the former explicitly uses an infinite process while the latter 
employs the principle of partition imposed upon an infinite set of 
rational numbers t Again one who is familiar with the Integral 
Calculus need not be told that even comparatively simple problems 
such as finding the length of a curvilinear arc, or the area enclosed by 
curved hues depend for their solutions upon an infinite process. And 
it is easy to go on indefinitely multiplying examples of this nature to 
show that the concept of infinity is indispensable to mathematics ; nay, 
it may be even asserted, without any fear of contradiction, that but for 
the concept of infinity, the science of mathematics would have been 
poorer by the loss of modern analysis For we knew that the method 
of exhaustion, invented by Archimedes (287 ? — 212 B. C), contained 
all the elements essential to an infinitesimal analysis ; but the horror 
infinite which the arguments of Zeno instilled mto the minds of the 
Greek mathematicians acted as an effective brake against all further 
progress m that direction for a period of no less than 1,850 years. It 
was reserved for J. Kepler (1571-1630) to lay down the foundations of 
our modern Integral Calculus by publishing his book Nova Stereome • 
tna Dohorum in 1615 in which he successfully used the method of 

* The subject suggested Itself to me on reading Number by Tobias Duntslg. 
t For more information on this point vide writer's Bteaye in Uethemedes, 
No. 1, II 32-34. 
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sxhanstion, coupled with the notion of infinitely small and infinitely huge 
quantities is determining areas and volumes of curved Agues ; and 
the present structure of modern analysis has bean built only during the 
coarse of the last century. 

2. Bounded Arithmetic and Bounded Geometry 

Again bat for the concept of infinity many an operation in onr 
arithmetic and Euclidean geometry would not be possible. For instance, 

if we terminate the sequence of natural numbers 1, 2. 3, at a 

psychological limit of the counting process, say at 1,000,000, the opera- 
tions of addition and multiplication such as 500,000+ 500,001 and 
1,000 X 1,001 would be impossible in such a finite and bounded arithmetic. 
Similarly in geometry, should it be necessary to confine ourselves to a 
finite and bounded plane, it would be entirely a matter for speculation 
whether or no two straight lines taken at random form an angle, or 
three, a triangle. 

3. Concept of Infinity has no Experiential Basts 

Now though these primary mathematical operations of telling and 
measuring, leading as they do to the theory of number and of geometry, 
had their origin, like all other sciences, m the practical needs of man 
living m the physical world, all our experience of this physical world 
cries out the falsity of the concept of infinity. The tremendous progress 
that we have achieved in experimental sciences clearly indicates that 
there is no experimental basis for the said concept. The closing 
months of the last century witnessed the discovery of the Quantum 
Theory by M. Planck. Planck propounds that the radiant energy does 
not flow continuously and is not capable of being divided indefinitely, 
as every continuous matter should be, and that it is emitted in integral 
quantities or bundles, known as quanta. The recent researches carried 
on by Rutherford and Bohr regarding the structure of an atom lead us 
to the conclusion that matter is not subject to the process of infinite 
divisibility , it ultimately consists of electrons and protons which have 
finite sizes. Thus “wherever the method of investigation of matter 
has been carried sufficiently far, we have invariably struck a limit of 
divisibility, and this was not due to a lack of experimental refinement 
but resided m the very nature of phenomena." Again like infinite 
divisibility of matter— and energy is but matter in another form — “ the 
infinitude of the universe " is now declared to be a myth. For Eins- 
tein’s study of the cosmos from the view-point of his theory of gravita- 
tion leads to the possibility of a finite universe and the observations of 
the astronomers agree with his hypothesis of an elliptic universe. 

4. Nor is it a Logical Necessity 

Thus the concept of infinity is not an experiential necessity, 
por is it a logical necessity. For by recasting and reconstructing 
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a few postulates and definitions of the present system of arithmetic 
it is possible to build up a conceptual scheme of finite arithmetic which 
will not be a whit inferior to the classical one for beauty of concep- 
tion and internal harmony of logic. Similarly by omitting the 
postulate of parallelism a system of bounded geometry can be cons- 
tructed so as to produce a logically self-consistent conceptual scheme. 
And these two conceptual schemes of bounded arithmetic and bounded 
geometry will possess an additional merit of being closer to the reality 
of our senses than the unbounded ones which, being sanctified by 
custom, are suffered to exist. Now it is none of the business of the 
mathematician to enquire whether or no his logically self-consistent 
conceptual scheme possesses also the attribute of applicability to 
physical phenomena. It is the business of the physicist. For though 
undoubtedly the science of mathematics owes its origin to and looks 
upon the problems of physical sciences as sources of inspiration, the 
mathematician refuses to confine himself to the limits of the problems 
set by the physicist These problems often give rise to a host of 
other questions for which his intellectual curiosity forces the mathe- 
matician to find answers and this need of his intellectual craving leads 
him far beyond the original domains in which these problems arise ; 
and in this way the mathematician produces an abstract conceptual 
scheme which is subject to no other test except that of logical 
coherence. The most abstract branches of modern mathematics such 
as the theory of functions of real and complex variables, the theory of 
differential equations had their genesis in problems of physics.* 
Moreover the mathematician does not take the utilitarian view of his 
science as the physicist does. With him the motto is Mathematics 
for Mathematics' sake. Indeed it would be very instructive to compare 
the attitude of the physicist and the mathematician towards mathematics. 
But I do not hold that this is the proper place for it Therefore, for 
the present, suffice it to say that the utilitarian view of any s ci en ce , 
apart from the fact that it strangles the progress of that whence .. u 
not an absolute test , for the standard of what constitutes utility is a 
function of time. The study of come sections originated in the 
practical problem of doubling the altar. But had the Greek geome- 
tricians taken the utilitarian view of the subject and had they not bee n 
goaded by their intellectual curiosity to study come as an 

abstract science, Kepler could not have been able to formulate his 
famous trio of laws that govern the motion of the pinn a te in the 
solar system. And but for Kepler there would not have been any 
Newton and but for Newton there would not have Nm any 
Einstein. Similiary G. F. B. Riemann ( 1826-1868) hardly dreamt 

* See Eaap m Matktmahc No. 1.H12-10 where I have historian? t net A 
the growth of the present concept of functions 
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that his absolute differential calculus would one day become the vehicle 
for Einstein's theory of Relativity. 

5. Concept of Infinity a Mathematical Necessity 

In the preceding paragraphs Iliave endeavoured to show that the 
concept of infinity has neither a physical foundation nor a logical 
basis. Then what is it that lies behind thi9 concept ? The concept 
of infinity is neither an experiential nor a logical necessity, it is 
a mathematical necessity, a being owning its birth to the creative 
imagination of the mathematician who is endowed with that power of 
mind which is capable of conceiving the indefinite repetition of an act 
when this act is but once possible The condemnation of this concept 
in the name of reality “ would reduce mathematics to the bounded 
arithmetic and the bounded geometry .... What is valid seems 
so insignificant that it may be seriously doubted whether analysis 
is at all possible. The lofty structure erected by the mathematicians 
of the last three centuries must be razed to the foundation ; the 
principles and methods which derived their power from the use of the 
infinite must be scrapped f the physcial sciences which have so 
confidently applied the concepts of limit and function and number in 
formulating and analyzing their problems must turn over a new leaf , 
they must rebuild their foundations and devise new instruments in 
lieu of those condemned ” 

6. The Infinite, Potential and Actual or Dynamic and Stattc 

Our present concept of the infinite rests on a fundamental as 
sumption of arithmetic, viz. the process of counting cannot conceiv- 
ably be terminated. In other words the sequence of natural numbers 
1,2,3, . . does not possess the last number , each number has 
a successor or there is an infinity of positive integers Or again, if 
we consider n to be a positive integer, the pharse n tends to infinity 
is a short-hand way of saying that given a positive number A, how- 
ever large, n assumes values that exceed and remain greater than A. 
This traditional concept of the infinite as a variable finite magnitude 
that grows indefinitely is often called the concept of the potential 
infinite in contradistinction to that of the actual infinite which is a 
fixed , constant quantity lying beyond all finite magnitudes. This 
concept of the actually infinite is not of recent origin. The cele- 
brated analysts K. F. Gauss ( 1777-1853 ) and A. L. Cauchy 
( 1789-1857 ) raised then: protesting voice against the use of the 
actual infinite in mathematics. In his letter written to Schumacher 
in 1831 Gauss writes. “As to your proof, I must protest most 
vehemently against your use of the infinite as something consummated 
as this is never permitted m mathematics." The infinite is but a 
fa fon de parler ; “an abridged form of the statement that limits- 
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exist which certain ratios may approach as closely as we desire, 
while other magnitudes may be permitted to grow beyond all bounds.” 
ft required the courage of G. Cantor ( 1845-1918) to defy old traditions 
and “deal with the actually infinite as with a definite mathematical 
being " In his essay On Linear Aggregates , published In 1883 
Cantor writes * 11 It is traditional to regard the infinite as indefinitely 
growing . . As against this I conceive the infinite m the 
definite form of something consummated, something capable not only 
of mathematical formulations, but of definition by munber. This 
concept of the infinite is opposed to traditions which have grown dear 
to me, and it is much against ray own will that I have been forced to 
accept this view. But many years of scientific speculation and trial 
point to these conclusions as to a logical necessity, and for this reason 
I am confident that no valid objections will be raised which I shall 
not be in a position to meet " 

7* The Transfimte Arithmetic 

The creative imagination of Cantor did not remain content with 
conceiving the infinite as capable of definition by number, it impelled 
him to evolve a system of comparing infinities By introducing the 
concept of cardinal numbers we are able to compare two finite collec- 
tions and say that they are equal or one is smaller than the other 
Similarly by introducing the concept of power of an infinite aggregate 
Cantor is able to compare two infinite aggregates These powers, 
which enable us to classify infinities just as the finite numbers 1, 2, 3, 
. enable us to classify finite collections, are known as transfimte 
numbers. By defining the operations of addition, multiplication and 
potentiation upon these transfimte numbers Cantor created a transfimte 
Arithmetic, an arithmetic of the infinite 

8 Common sense and the Infinite 

But it must be remembered that certain fundamental Common- 
sense laws, which we find hold good in finite arithmetic, do no longer 
remain true if we transfer them to transfimte arithmetic , for in consi- 
dering infinities we are really traversing a region that lies beyond the 
realm of common sense, and farther, many a time in mathematics 
common sense has proved to be the greatest non-sense. While we are 
dealing with finite collections common sense tells us that a part is 
less than the whole. But in comparing infinities the fundamental rule is : 
The port can equal the whole , the part may have the power of the 
whole. For example, the two aggregates formed by the natural 
sequence and the odd integers are both infinite and the latter is a port of 
the former , yet it can be proved that both the aggregates have the 
same power. On the other hand, though the domain of rational nom* 
bers forma a part of the arithmetic continuum, the contUHWu ig mgfc' 
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tiar than the domain of rational numbers ; the power of the latter is 
greater than that of the former. 

9. Concept Cretan Clarification 

The purpose of this article does not justify me In going into more 
details regarding the transfiaite arithmetic; and 1 propose to condnde 
this essay by briefly indicating the present position concerning the 
concept of the infinite. The legitimacy of Cantor’s use of the actually 
infinite in mathematics, the logical validity of his processes and the 
deductions drawn thereby have been put to searching criticism by leading 
mathematician-philosophers of the day. Among them Borali-Forti, 
Bertrand Russell. Kfimg and Richard are prominent; and their discus- 
sions have given rise to paradoxes and antinomies that are either 
logical or tingniatir. As stated above Cantor said. " No valid objections 
will be raised which I shall not be in a position to meet.” Well; the 
Cantor urns have not only failed to meet these valid objections and to 
convert all mathematician-philosophers to their point of view, but on 
the contrary, some of the Cantonans such as F. P. Ramsey (1903-1930) 
are being converted to a flutist view which rejects the concept of the 
actually infinite. In his address in memory of K. Weierstrass, one of 
the greatest exponents of the movement known as anthmetization of 
mathematics, D. Hilbert says . "The infinite! No other question has 
ever moved so profoundly the spirit of man ; no other idea has so 
fruitfully s tim u l a t ed his Intellect ; yet no other concept stands in greater 
need of clarification than that of the infinite.” 



NOTE ON CONFOCAL CONICS AND 
CONFOCAL QUADRICS 
By 

G, L. POPHALE, B.A. ( Bom. ), BA (Cantab), BaxrirfeMt-Ui* 

Sir P. College, Poona 

I think that the following method of obtaining the equation to the 
system of conics or quadrics confocal with a come or quadric given 
by the most general equation of the second degree has not received 
the attention it deserves 

1. Notation Let s sa be the given 

conic. % may be conveniently replaced by unity. 

Lot 215 ^ 

The envelope equation to the given conic s m 0ia 

S ^(A,B,Cf,G,H) (AT,Y,Z)*“0 where A, B etc., have the 
usual meanings and X,Y, Z are line co-ordinates 

The circular points at infinity are given by 

fissX* + Y*-0 

2. I will first prove that the equation 

a + X h € 

h 6+X T| =0 

£ T) 8 

gives as the family of conics confocal with the given conic a m 0, 
\ being the parameter of the family. 

We know that the four vertices of the quadrilateral formed by 
the two pairs of tangents that can be drawn from the cirnlar points at 
infinity to the conic a ■ 0 give us the four foci of a * 0. Since the equa- 
tion S+*fl “0, where A is any arbitrary constant, gives ns the family 
of corucs touching the common tangents of S ■ 0 and Q * 0, and farther, 
since Q ■ 0 gives as the circular points at infinity, it follows that the 
family of conics given by S+AQ"0 has the same foci as those of S B 0. 
In other words S+kQ m 0 is the envelope equation to the family of 
conics confocal with « ■ 0. Now we know that the locos equation to 
tbs said family is found to be 
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A+A H 0 x 

o» H B+A P y " 0 

0 P C M 

x y m 0 

a h g 0 

Multiplying both sides of o"0 by 0 ss h b f Q we got 

& S o 0 

0 0 0 1 

8 + 0 A hk gk x 

o- 8 « hk 8 + 6 A ik y -0* 

0 0 8 * 

$ ij C 0 

Multiplying the columns of the last determinant by x, y, a and — 8 
respectively, and adding the results for the fourth new column, we get 

0 + 8 /A h $ 

o « h 6 + 8 /A t) “0 

€ »l * 

Setting 8/A" X, we get the desired result 

3. The same method holds true mutatis mutandis In three 
rimwmnna. Let the quadric be given by 

BB*(a,b,c t dJ,g,h,u,v,w) (x,y,n,t)* -0 

where t may be conveniently replaced by unity. The envelope equa. 
bon of the quadric * " 0 is 

S a (AB,CJ)J’,G t H t U,V,W) (X,Y£,f)' - 0. 

The circle at infinity is represented by the equation 

+ V* + Z* »0 

We now know that S + AQ "0 is the envelope equation to the family 
of quadrics confocal with the quadric S = 0. Proceeding as before, the 
locus equation to the said family is found to be 

• This equation may be written as 

8 s- AT + A* -0 

whan TmO (**+y*) — 2 <7* — 2 Py + A+B ■ 0 gives ns the 4(. 
rector dfde of the conic s ■ 0, 
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a + X h 4 ( 

h b + X / ij 
t f o+ X C 

€ i) C • 

whan 2S"||, 2 C"|~ andX-8/Jk 

8 being the determinant | a b o d | . 




A NOTE ON THE AREA OF A POLYGON 

B* 

B.B.BAGJ 

Karnatak College, Dharwar 

This note contains an alternative proof of the following 
theorem. It a neat and elegant and is calculated to stimulate interest 
in the study of methods of Vector Analysis. 

We shall prove the theorem, in the first instance, with respect 
to the polygon ABODE. 



Let ns denote the vectors AB, BC, EA by a, 0, 

their lengths by a,b, ... e; the angle which 0 makes with a by 
ap and the unit vector normal to the plane of the polygon, by v. Join 
AC, AD. 

Then 2v A ABC ■ AB x AC « a x (a+P) ■ axp. 

Similarly 2vAACD«(a+p) x T. 

2 vAADE - (a + p + T) xb. 

Also 0 -'(a + P + T+b)xe 

Hence 2v x Polygon ABCDE ■ I a x p 
■ 2v S ab sin aP 

where the sum includes all terms corresponding to combinations of 
o,p, . . . taken two at a time and where the alphabetical order of factors 
is maintained in each term. 

Hence Polygon ABCDE ■ S oh sin aP. 

The foregoing method can be extended to any polygon. 

c. f. Hobson’s Trigonometry 1129. 

Also Bagi’s Plane Trigonometry 1131. 


SOME POINTS ABOUT ORDINARY UNEAR 
DIFFERENTIAL EQUATIONS 

By 

G. S DIWAN 

(i) Operational Factors. 

In solving ordinary Inwar differential equations of the second 
order by the method of operational factors, the following proposition is 
useful — 

If the operator P 0 D 1 +PiD+P| in the linear differential equation 

P 0 ^+ Pj^j- +P*y*X is algebraically equivalent to (aD+a) 

( bD+ 3 )# and if b and 0 are constants ( t a, do not Involve x), than 
even operationally PoD’+PiD+P, 19 equivalent to (aD+a) 
( bD+p ), the two operational factors appearing in this very tPeoflo 

order ( D® 

Proof — If PoD* + PiD+P*- 3 (a D+a) (b D+P) algebraically, 
then P©a»ab, Pj^sap+ba, and Pj=»ap. The operator (aD+a) 

( 6D+P ) operating on y gives the result (aD+a) (b^ + Py), 

ue„ ab^-+^(ab'+ap+ba)+(aP+aP')y [b' =^and P'-^] 

(a D+a ) (b D+P ) is, therefore, operationally equivalent to, say, 
QoD’+QiD+Qj, where Q ©ssob, Q^=a$+b*+ab', and Qj^ap+aP'. 
(a D+a) (b D+P) will, therefore, algebraically and operationally 
be equivalent to the same expression if P 0 as Qo» Pi — Qi • and 
Pi “Qi , * « 1 if ob' and aP' are each equal to zero, which is seen to be 
true when b and p are constant quantities 

It can also be seen that under no other circumstances are the 
algebraical and the operational factors of PoD > +P ] D+P > just the 
same. 

(u) Particular Integral. 

[It is thought that the following notes will make some points of 
the theory of the particular integral of an ordinary linear differential 
equation clearer. ] 

(A) The particular integral of the ordinary linear 
equation p 0 ^ + Pi^i+Pij£i+ . • +*1^+** »X 
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can be umguely defined as that eolation of the above differential 
equation which does not involve as part of itself any non zero value of 
the Complimentary Function (C F ) which equated to y forms the 

general solution of . . . +An^ + 

Po m 0- 

[If the two equations above are written as /(D) y-X and 
/(D) y m 0, then it is seen that if w and v are if possible, two 
particular integrals (as defined above) of /(D)y™X /(D) u* 1 
/(D) v“X, and, therefore, /(D) (« v) "0 y*t*v therefore, is a 
solution of /(D) y ■ 0 w— v is thus a value of the C F which 
equated to y forms the general solution of /(D) y*»0 Since neither 
m nor v can contain as part of itself any non zero value of the C F. 
try the definition as stated above, it follows that u—v most be the 
zero value of the C F u, therefore, must be identically the same as 
v , t e with the above definition there can be only one particular 
integral for a given ordinary linear differential equation ] 


(B) If the particular integral of/(D)y”X is, as usual, denoted 

by ^ - ^j X by defining the result of an inverse operation in the 

appropriate manner, then with the definition given in (A), it shall 

have to be understood that the resulty^^ X is not to involve as 

part of itself any non zero value of the C F which equated toy is the 

general solution of / ( D )y - 0 The value of the result^^y /(D) X 

will, therefore, strictly be not always X, but m every case X—X\ say, 
when X' is either the whole of the non zero value, if any, of the C F 
contained as part in X, or else zero if there is no such non zero value 
contained in X (This statement can be formally established as 


follows — Let-^^y/(D) X«k, say then /(D)«»/(D) X, is, 

/(D) (u— X)™0 w— X, therefore, is a value of the CF u by 
definition cannot contain a non zero value of the C F If X also does 
not contain any such non zero value of the C F, then «— X*0, or 
ws»X— X' where X 1 is zero If X does contain a non zero value X\ 
say, of the C F , and no other such non zero value then u— X=*=— X* 
t * m*X-X' where X' is the whole of the non zero value of the C F 
unptaitMd m X ) In $60 of the sixth chapter of Murray a Differential 

1 e** 

Equations the result ^ ^ ^ <**— J[a ) 18 M valid when 

/(a)^0 It the result is thus not valid when /(o)»0, the process 
leading to the result must also at some stage or the other not be 
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applicable when /(a) “0. It will probably help the dear understand* 
leg of the point if it is noted that the step (D) •* * 

/(D) ^( g ) *** ,n the P* 00 ® 83 ln ^ U] S to the result reduces to the 

identity 0—0 when / (a) = 0 (e** being a non-zero value of the 
C.F. in this case ), and thus fails to give any result in the exceptional 
case when/ ( a) = 0. 

(C) With the special meaning assigned in ( B ) to the result of an 
inverse operation as denoting a particular integral, it follows that d V(D ) 
and / ( D) are operators operating on y in ordinary linear differential 

equations with constant coefficients, thenW(D) ■ y^jV(D)X 

only if the expression on the left stde does not involve as part of it an} 
non-zero value of the C F corresponding to the equation / ( D ) y “ 0, 
There are cases in which such a non-zero value of the C*F a is involved 

as part in the left side. Consider, for instance, D ^ cos x, which 
is equal to SU 1 * + * This value involves as part of itself 

m t* 

the term—;—, which m a non- zero value of the C.F. corresponding 
to the equation ( D* + l) y = 0. D cos x ■ - gjL- sin * “ 

X COS X 1 1 

— 2 — . So it is seen in this case that cos x ^y^ Dcos x, 

for the left side contains as its part some non-zero value of the C.F. 
corresponding to (D’+ 1 ) y *= 0. 

In §64 of the sixth chapter of Murray’s Differential Equations 
the formula^ * V - y^/' (D) y^Viededn* 

•d. The last term on the nght side of this formula is often taken 

(D) Wenaty 

call these two modifications of the formula modifications (a) and (0) 
respectively. It will now be seen that such a modification ia not 
always correct as the direct operator /' ( D) and the inverse operator 

are not always commutative. Where such a modification ia 

not correct, the use of the formula m either of the forma (a) or (£) 
instead of in the original form (which is always correct) lends to an 
error. Such a case practically arises when /(D) ia a power of 


* Set Jhoaon’s (MadMoaX pegs UX. 
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( D*+«* ) and V is the trigonometric function cos ax at sin ax. In 
the footnote given on page 123 of the third edition of Jhonson's 
treatise on Differential Equation* it u said that in cases anaingona to 

the evAlotran x cos ax, the method that 1 should altojfk be 

employed 1 is to consider x oos ax as the teal part In 

** • that 1 an error might arise ’ if the method of §64 in 

M array's bode is used. In this connection it la to be noted that the 
error arises only if form (a) or (0) of the formula (both of which 
fonhs are as shown above incorrect in such oases) is used, and the 
formula in its ort&tnai form gives correctly the value of a particular 

integral of the type { p ij.gi y ** V, where r and s are positive into* 

gars and V -cos ax or sin ax. To illustrate the point the result 

x cos ax is worked out in full below 


* cos «-*. cos a* cos a* 

_ x Bin ax 1 „ 1 , . \ 

-at ^ D*+7* 2 '2a sma * + aac cosaac) 


a; sin ax 
2a 


1 


1 


D’+a* 


x cos ax — — 


1 


a D*+a* 


sin ax 


*■ D*+a* 
1 


2 _ x* sin ax , x cos aac 

x cos ax - — — — + — 


2a 


1ST 


x’ sin ax , x cos ax 


Had the modified form (a) been incorrectly used to evaluate the 

particular integral, the result would have been ** am ax + JLJ**** 

4 a 2a* 

and if form (0) were used the result would be merely - ** 8ia 

4a 

It should also be remarked that though x cos ax*— la' 
sin ax, stiU p," ^ a: cos a* is not = - 2a “n «*, which 

latter is seen to be equivalent to The reason for this non* 

equivalence is that y^ [the function of x given by- y is 
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equal to |77^7p ^ on] y the former does not Involve a non-zero 

value of the C. F. corresponding to the eqaathm [/(D) ]*y "0. 

If the second term on the right side of the modified form (a) is 


taken os -/'(D) [/(d)" ^ 3’ th#a 4116 value ***■ 

colar integral so obtained in the exceptional cases indicated above 
will not in itself be incorrect bat will be involving same non-zero 
value of the C.F. Such a method, however, is not practical ; since in 


the evalution °f y [ y V ] where, say, V“ooa ax and /(D) 

“(D’+a 1 ), the use of the original form of the formnla m |64of 
Murray’s book appears to be necessary. Similarly if the mortified 

form (P) is taken with the second term on the right side 

C /I 5 ) / / (D) V j then the value of the particular integral so obtained 


in the exceptional cases will be incorrect. 



A NOTE ON THE PROPER NOMENCLATURE FOR 
“ VRAIB VALEUR " 

By 

K R. GUNJKAR M, A.. & Se« L E. &. 

Royal Institute of So tence 

If a functional form fix) becomes indeterminate for a value a, 
bat limit f(x) as x-*a exists, Vall6e Poussin calls the limit " Vraie 
Valour" of the function at x B a (Coors d’ Analyse, VoL I, 182 ), 
This has been translated into English as "true value " by Gibson 
( Elementary Treatise on the Calculus, p.418 ) and Mahajam’s (Lessons 
in Analysts, p. 70 ). 

It seems that the term “ Vrate Valour 11 or " true value “ la 
unfortunate and somewhat misleading. Other terms which would be 
less objectionable may be suggested, each as “ natural value " or 
'appropriate value" or "fitting value". Personally I consider 
appropriate value " as the most natural, appropriate and fitting and 
would recommend it for general adoption. 



A NOTE ON THE GENERAL EQUATION OF THE 
SECOND DEGREE WHEN IT REPRESENTS 
TWO PLANES 

0v 

M. U CHANDRATREYA. M.A , 

Dtocan ColUgfi, Poona. 

In ex. 8 page 34 of Bell's Solid Geometry the condition that the 
General Equation a** + by* + cs 1 + 2fyx + 2gzx + 2xhy “ 0, re- 
presents two planes is mentioned and the student is at a loss to 
understand why the more general case of ax* + by* + cs* + Zfyn + 
2gsx + 2 hxy + 2 ux + 2vy 4- 2u>s + d = 0 when it represents two 
planes should not be discussed. No doubt the discussion has its 
place m Chapter XI ; but the method involved is longer and cannot 
be picked up easily in the earlier stages. 

Bell mentions the conditions on page 217 of lus book but these 
era not explicit An attempt is made here to express these conditions 
and to deduce them from very elementary considerations without the 
help of much mathematical analysis. 

As shown by Bell the conditions practically reduce to those 
required for the four planes. 

ax + hy + gs + u “0 

/w + te+A + v "0 

gx + fj> + CM + W m 0 

ux + vy + w + d m 0 
to pass through one and the same st hue. 


Hence these may be written as . — 



a 

h 

g 

u 


a 

h 

g 

u 

(.) 

h 

b 

f V 

• o («) 

h 

b 

s 

V 


g 

S 

0 

w 


■ 

u 

V 

w 

d 


The first of these la equivalent to any two of four determinants 
being equal to zero, which may be written as D*0, Kj*0, K»»0 
E*“0 where 


ah g 


aha 

h b f 

Ki- 

h b v 

g / o 


g t w 


D- 
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St> 



a 

6 

u 


h 

g 

u 

K,« 

h 

f 

V 

K,- 

b 

S 

V 


g 

0 

w 


f 

c 

w 


If any two of these are satisfied the others are also automatically 
satisfied, The second is similarly equivalent to any two of the four 
determinants involved, vte , 


K| *• 0, Ai ■ 0, As ■ 0, A* ■ 0 


where Ai 1 


and A t - 


a 

h 

u 

h 

b 

v 


h 

b 

v 

g 

/ 

w 


u 

V 

d 

M 

V 

d 



& « 
/ V 

w d 


If any two of these are satisfied the others are also automatically 
satisfied. 

Hence on the whole the conditions are equivalent to the follow* 
mg — 

D - 0 

Any one of Ki * 0, Kj « 0, K$ **• 0 , 

Any one of Ai ° 0, Ai ■ 0, Ai * 0 
It is easily seen that the conditions are equivalent to any three of the 
seven determinants equated to zero , vis., 

D, Ki, K|, K|, An Ai, Ai 

and may be taken as Ai ■ 0, Ai ■ 0, At ■ 0. The others follow as a 
matter of analysis. 

This result is easily deducible from general considerations Any 
section of the two planes is two st lines Hence if the sections 
by the planes x m 0, y = 0, *■ 0 not passing through the same st. line 
are st. lines the equation must represent two planes No other surface 
of the second degree has this property. 

, ' , «** + + 2hxy + 2 ux + 2vy + d m 0 

or 1 + cs" + 2g«f + 2 ux + 2w» + d ■ 0 

hy* + a? + 2fyz + 2vy + 2um + d m 0 

represent pairs of st lines Conditions for which are 



a k u 


a g u 

Ai - 

h b v 

1 

O 

0 

a* 

1 

gov 


u yd 


V V d 


0 
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A, 


b i 
S 0 

V w 


as previously established. Aa can be Men from what has been laid 
before that D ■ 0 automatically , and this disposes of, as a particular 
case, «x. 8 on page 34, referred to above. 



DESCRIPTIVE MATHEMATICS 

By 

JOHN MACLEAN 
Wilson Collsgs, Bombay 

I have bean asked to write a note on a new coarse for First Year 
Mathematics which it is proposed from this year to make alternative 
to the usual coarse in Algebra, Geometry and Trigonometry. It is 
entitled “Descriptive Mathematics", and is detailed as follows: 

Paper I. — Logarithms. The general quadratic. Graphs of y—x 1 for 

rational values of n, and of y m <f, with applications. Graphs of 

y*=>ax m +bx m ~ 1 + cx m ~ 2 + +A. 

Averages. Frequency distributions. Empirical probability. Binomial 
theorem for a positive integral index. Evaluation of determinants. 
Simple standard denvates and elementary integrals with applications. 
Paper II. — Slide scales. Similarity of triangles. Inversion. Nomo- 
grams. Graphical rulings. The determination of empirical formula*. 
Graphical solution of equations. The radian. Circular functions and 
their graphs. Solution of triangles and simple two dimensional pro- 
blems. Addition formulae. 

The suggestion to Institute such a coarse came from the feeling 
that the more conventional syllabus m First Year mathematics was not 
fulfilling a generally useful purpose in the educational scheme. This 
feeling has also expressed itself in the plan for “bifurcation", under 
which mathematics as a subject m the First Year would no longer be 
compulsory, but would become merely an alternative which students 
who value it might choose. Teachers of mathematics share this feeling, 
and acquiesce in this negative solution. The ordinary course in mathe- 
matics may not be uninteresting, and it is doubtless valuable as a 
mental discipline to some students; but it is plain that it is not within 
the power of a large number of otherwise able students to profit from it 
to any satisfactory degree. 

Yet the University of Bombay has seemed reluctant to follow the 
example of other Universities in adopting bifurcation of studies at so 
early a stage in order to avoid this danger of unprofitable drudgery. 
A remedy more adequate to the students' needs seems desirable, and 
die co ur se in Descriptive Mathematics is an attempt to find a mors 
pojfrst* solution. It is not inconsistent, however, with the proposal 
to "bifurcate”, though tbs alternatives to be allowed may result in a 
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tendency to make the course cater for too narrow a class of student. 
It has to be realised that, while too frequently misuse occurs in appli- 
cations of mathematical methods, the trend of all study and investiga- 
tion in the modern world is such as to increase the importance of the 
port that mathematics plays in the search for truth. Accordingly it 
seems clear that a sustained effort should be made to give students as 
adequate an idea as possible of how mathematical devices, at least 
those of an elementary type, may be applied m appropriate ways to 
elucidate certain types of phenomena. 

Thus far the investigations that have been made with this end in 
view have made two things abundantly clear The first is the sur- 
prising range of variety often seen tn the applications of the same 
mathematical tool. An example is given by equilateral-triangle rulings, 
sometimes called “architects’ isometric paper". There are the well- 
known applications to three -component systems in engineering, in 
geology, and m chemistry, though the significance of the generalisation 
to multicomponent systems in the last is not so well-known. Also in 
physics use of the triangles is made in various ways, particularly in 
the study of colour. In dietetics certain properties of foods are con- 
veniently represented on these triangles, and a distortion of the triang- 
les makes possible a suggestive and comprehensive representation Of 
aspects of metabolism. Equilateral triangles may be employed too in 
the study of types or changes in populations. Quite a different use of 
the same rulings is that for isometric drawings, and it has been found 
convenient in statistics as affording a comparatively easy means Of 
scrutinizing and interpreting measurements of different types after 
regression values have been calculated. 

The second result is that there is a unity and a development in 
the mathematical principles, on which are baaed those quantitative 
methods which are actually being applied, which constitute them a 
“body of knowledge" worthy to be compared with that in the more 
conventional mathematical course Such a claim can be substantiated 
only after the new course has been fully tested in practice, bat a glance 
at the detailed syllabus will show at least the possibility that there is 
actually in it something of the simplicity and the range which are 
aimed at in mathematical method. 

It is not possible or fitting to examine here the p r oposed coarse 
in detail Only some features of its relation to other branches of study 
may be mentioned “ Descriptive Mathematics", the title chosen to 
characterize the course, has a utilitarian bias. It indicates that endea^ 
vour is being made to deal with those mathematical devices which are 
found suitable for the description of quantitative phenomena or methods 
in different sciences. But signs are plentiful enough that whht it emer- 
ging po ee es S e s considerable cultural v al u e, not only lor tbs etndent 



ftfeftCramV E MATHEMATICS 


ill 

who will torn to other studies with the knowledge that m at hem atics 
is more then an intricate system of abstractions and manipulati on s) 
bat even for the student of mathematics who presumably has profited 
most from the ordinary coarse. After all, the ordinary coarse is bat a 
conti nuatio n of the type of mathematics usually taught in schools, and 
It seems a deprivation further to confine the mathematical activities of 
a student with a flair for the subject to lines of approach with which 
ha is already thoroughly familiarized. In the new coarse the clever 
mathematical student gets glimpses of possibilities of generalization 
and of application which give him an opportunity to exercise his 
p o wer s to the full in a way that will often be illuminating in hie later 
stadias. 

It appears that one of the most useful functions the new course 
may help to perform for students generally is to develop th s orthcdl 
attitude* An outstanding physiologist, who has found it necessary to 
use mathematics somewhat extensively in his researches, says that he 
finds that mathematics reveals to him, not so much what he should do, 
but rather what lmes of investigation it may be fruitless to follow. 
It is probably true that aid to criticism comes from tnathprninhrq main - 
ly through the variety of its methods making possible a scrutiny ap- 
propriate to a particular occasion, and m Descriptive Mathematics 
emphasis is repeatedly laid on the degree of fitness of an approach to 
a topic. Under the ordinary course an alternative proof is often regarded 
as merely a happy accident, useful m the verification of what had not 
been already clearly apprehended. There is need to extend greatly the 
idea that flexibility of method is something of essential worth, leading 
to a fuller appreciation of the meaning of the subject matter. But on 
occasion too criticism depends on ability to manipulate, and great 
stress is laid in the new course on methods which make it possible to 
push a calculation through to a definite stage where it may be regarded 
in relation to the other aspects of the matter. The need for a critical 
attitude may be illustrated from a standard textbook, Price's "Practice 
of Medicine". On page 414 thereof in detailing a calculation for the 
diet of a diabetic patient, the instruction is given to "divide by the 
arbitrary figure 30". The word "arbitrary" m itself arouses suspicion; 
yet this textbook in its third edition has no comment on this astonish- 
ing direction it would seem almost obvious that it could have no 
application beyond the case of the patient under consideration. In 
applications of advanced mathematics it may often be that results have 
to be assumed without any appreciation of the way they have been 
obtained; but it can only lessen alertness if tins attitude of acquies- 
cence is allowed to apply to the most elementary processes. In this 
respect our training m mathematics should become but an aid to com - 
monemm. It should be mentioned that when a distinguished p rof e ss or 
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of wHumto m the north of England had the propooed coarse ex- 
plained to him, his first comment was. “Well, this will certainly teach 
the students arithmetic I " He had foand that his students, even those 
with mathematical ability, could not be trusted to be accurate in mak- 
ing calculatio ns. Probably in this respect students in India are not 
any more reliable, and this is a practical defect which the ordinary 
course in mathematics does practically nothing to remedy. 

There is much still to be done in discovering how mathematics 
may be most usefully employed in economics and in the sciences gener- 
ally. At present it is evident there is much teaching that could be 
dispensed with, were students to come to their special studies with 
appropriate mathematical preparation. Statistics tends to be treated 
as an ornament to be added to knowledge acquired, instead of as a 
means to critical appreciation of such knowledge. Again, workers in 
the different sciences respond in curiously different ways to the sug- 
gestions of this course. Many botanists hail it as a possible means of 
removing obstacles that have long hindered them m the presentation 
of important aspects of their subject, while zoologists seem to see 
nothing in it that is related to their needs I am assured that this is 
an historical accident and that the problems of botanists and of zoolog- 
ists are essentially the same, though the latter are “still very much 
dominated by old morphological conceptions". This variety of re- 
sponse to Descriptive Mathematics bat confirms the anticipation that 
the situation the course seeks to deal with is in some respects far 
from being defined. It is clear, however, that teachers of mathe- 
matics who, venturing along such lines as are indicated in Descriptive 
Mathematics, try to help non-mathematical students of the sciences to 
acquire more effective methods of study will find exhilarating 
surprises in store for them. 



NOTE ON A METHOD OF SOLVING SPHERICAL 
BY PLANE TRIANGLES 

By 

V.B NAIK 

Fergusson College, Poona, 

Having hod occasion, in the coarse of certain Astronomical cal 
rnWinna, to obtain approximate solutions of a series of spherical 
triangles of a particular type, I was led to consider whether a method 
could be devised for the purpose, graphical or geometrical, which 
would give the results readily and with a fair degree of accuracy, say, 
correct within a quarter or a half of a degree I found in my attempts 
that a spherical triangle can be connected with one or more of three 
plane triangles of a particular type which can be readily constructed 
geometrically from any three given elements of the spherical triangle. 
The geometrical construction is greatly facilitated by the use of a 
graduated quadrant of a circle (of radius ■ 10 cm. say) drawn on 
squared paper (divided into sq. millimetres) 

I obtained the connection between the spherical and the plane 
triangles from certain projective properties oi the sphere, the kind of 
projection used being simple but different from those in ordinary use. 
It can also be obtained and proved by using the ordinary formulae of 
Spherical Trigonometry. 

2. Let P, Q be two intersecting planes and let the plane R pass 
through their common section and bisect the angle between them. 
Let X be any point and X 1 its reflection m the plane R. Then 
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XX* is bisected by the plane R at right angles. If XX' intersects the 
planes P,Q in xji respectively, we shall for oar present purpose, 
speak of xjt as the equisecttonal pojecttona of X with reepect to the 
plane* P,Q. 

Given two planes P, Q and any figure V in a plane parallel to 
either of the plane*, we can by drawing st lines through all the points 
of V, perpendicular to the plane R which bisects the angle between 
P,Q, obtain the projections V and V of V on the planes P, Q. We 
shall speak of each of these as an eqm-sectional projection of V with 
respect to the planes P, Q. (We shall neither use nor have occasion 
to ass the term in the case of a figure V not m a plane parallel to 
Por Q). 

3. The following simple properties of equt-aecttonal protection 
can be easily proved — 

( I ) The equi-sectional projection of any st. line is a st line of 
equal length. 

( II ) The angle between the equi-sectional projections of two 
given st. lines is equal to the angle between them. 

(in) The equi-sectional projection of any curve or any portion of 
a curve is equal and similar in all respects to the original. 

4. In applying this projection to points and lines connected with 
a sphere, 1 shall, with a view to avoid lengthy descriptions, use in 
what follows the usual astronomical terms for points and lines 
connected with the celestial sphere. 


c 



Flo 2. 


On the celestial sphere of centre I and radios unity, let A bo a 
star, B tbs pole and C the zenith, the arc BC, a part oi tbs 
being in the plane of the paper. Let D, E be the centres of the 
circles, PAQ and RAS, of which the sph. radii are the arcs BA, GA 
respectively and of which the diameters PQ, RS in the plane of the 
piendian intersect in F. 
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Lot K be the mid-pout of the arc BC, so that IK bisects L BIC. 
Then in projecting equi aecbonally with respect to the pianos of the 
homos and the equator we have to draw two at lines parL to IK. The 
projections on the plane of the horizon are shown in the figure as they 
would appear when that plane is rotated about the north south line 
until it coincides with the plane of the paper. 

Let a, p, T, h denote the projections of A, D, E, F. 

Then, in the A af3T, 

a T - AE - ES, a 0 - AD - DP, 

L T - l AEF, ip - r. ADF, 
and since l AFE b 90°, ah is perp. to PT 

5. Now, A,B,C and afi,c being the angles and sides of the 
spherical triangle ABC, the angles and sides of the plans triangle 
apT are connected with them by relations which are obtained as 
follows. — 

l P - l ADP « 4B,(i), l T - z. AES - z.C,(iO, 

Fa ■ AE* sin CIA ■ sin b, (ui) , 

Pa * AD * sin DIA * sin c, (iv). 

Also, IT ■ IE tan IET ■ cos b tan— , ( v ) » 
ip * ID su IDP/aio DPI 

- cos PID sin BIK/coa CIK - cos e tan f, (vfl ; 

whence, PT ■ (oos 6 + cos c) tan ~ .....(A) 

6. The diameters PQ, RS of the small circles PAQ, RAS 
intersect m F. Let IK intersect RS in G and PQ in H. 

Then, the aqui-aoctional projection of AF is ah, 
end ad is perp. to PT. 

Also, the & FGH is isosceles, so that 

aHGF - l GHF ■ 90° - --.and GH - 2 FG sia-l* 

2 2 

Now, GH - IH - IG - (ID- IE) sec ■ (cos c —cos ft) sec—, 

2 2 

FGsma°2FGam— -cos-f-" GH cos ■ oos c— cosh. 

2 2 2 

But FG projects into Ih eqm-sectionally , 

Ih am a ■ cos c - cos b . . . . (B) 

7. Again, 

Ih (1 - cos a) ■ Ih sm a tan (cosjo - oos b) tan— 

■ Ip •* IT, by (v) and (vi) 
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IS (1 + cos a) -219-19 (l-eos a) - 219 - Ifi+IT 

- (ir + re) - (ip- re) 

- n - 

From B, by division, wo get 

(T# — 50) tan ■ cos c — cos b. (C) 

u 

8* The results (A), (B) and (C) proved above form the basis of 
the geometrical methods of solution of spherical triangles presented 
below. In describing the methods, to avoid confusion, I suppose that 
the given spherical triangle has not more than one of its given sides 
greater than a right angle and whenever such a side exists, I take it 
as the side denoted by a. It can be easily shown that this supposition 
does not limit the scope of application of the method. If for instance 
two of the given sides are each greater than a right angle, we may 
apply the method to the colunar triangle. The following considera- 
tions also will be of use in the application of the method. 

From (A), T0 - (cosh + cosc) tan|- = ri+I0. 

Hence, always supposing V0 as drawn from loft to right, r we 
have. — 

if 6 < 90° and c < 90°, I lies between 0 and Y , 
if 6 > 90° and c < 90°, I lies to the left of t*; 
and if b < 90° and c > 90°, I lies to the right of 0. 

Also from (B), I & sin a ■ cos c — cos b 
Hence, 15 being supposed positive when 5 lies to the ri ght of 
I, we have • — 

if 6 < 90°, o < 90° and b > o, 9 is to the right of I ; 
if 6 < 90°, c < 90^ and b < c, 5 is to the left of I ; 
if b > 90°, o.< 90° and & > c, 5 is to the right of I ; 
and if 6 > 90°, c > 90° and b < <j, 5 is to the left of I ; 
whence, if 5 is to the right of I, b > c, 

and if 5 is to the left of I, b < c. 

9. In making the constructions to be described, one is supposed 
to be provided with (besides the ordinary geometrical instruments) 
a Quadrant XOY of a circle of unit radios ( = 100 mm. say) drawn 
on a plane surface ruled with two sets of lines respectively parallel 
to OX and OY. The arc XY must be graduated in dngroow. and the 
Quadrant should be fitted with a revolving radius, (either a piece 
of fine thread or a straight metal edge.) 

In the diagrams, the following notation is used throughout 
ajbfit marks on XY corre s ponding to sides ajbfi, of AABC ; 
SJ*t do, do, taaadffr; 
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projections of a,A,c on OX, 

^ i { intersections of the ordinates al,bm,cn with Og and 
a jb fi , ) Oh respectively 

Further, we shall denote the ordtnatea*of afijtjb 1 etc by (a), (b) 
(^)i(b'), etc , so that («) * al, (o') “ <fl, and so on 

The use of the Quadrant is essential in the constructions It is 
to be used for three purposes — 

(i) Noting marks on XY corresponding to given angles and 
vice versa 

(u) Noting marks on XY corresponding to given projections 
on OX 

(in) Noting lengths of ordinates 


10 Case I Given ajb,c, to find A,B,C 



Solution — Construct A aPl, such that 

pl « (b 1 ) + (</), Ta ■ (b), ap ■ (c) 

Also, construct Aa'P'l , with a'$ on I«, TP respectively, 
such that Tp' = (a), W - (a 1 ) + (c*) 

Then, A - B = 4aPT, C - l$U 

Proof — In the A«pi , 

PT - (b J ) + (</) =» (cosh + cose) tan 

A 

Ta ■ (6) ■ sin b, and a0 ■ (c) ■ sin c 
• •By (A), B - LapT, C - ApTa. 

Also, in the A a'P'T, 

Ta' - (o') + (o') - (cosa + coso) tan*, 

TP* ■ (a) - sincr, and LpTa ■ C 
By a relation similar to (A), A ■ l 
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[ In the diagram, we have : — 

Given a - 70° 15', ft - 49° 30*, o - 38°45', 
we find, A -110° 45', B - 49°, c-38?3</]. 

Com //. Given A,B,C ; to find ajb, c. 

Solution . — Solve, as in Case I, the polar A of ABC. 
11. Com III. Given a,b, C ; to find A3, °< 



Solution — Construct AaTI, such that 

nari - c, ri - (*0, r* - (6). 

Draw aft perp. to T1 produced if necessary. On O 0 in the 
Quadrant, nuke Op “ Ift, and on OX mark off mn * (ft) to the right 
or left of m according as ft is to the right or left of I. Then, if no is 
the ordinate at n to the arc XY. 

c > the angle given by the graduation mark 0 . 

Mow, construct As a(ST and a'fJ'lf, by taking 

10 - (cO. T0' = (a), Ta' - («•) + (c“). 

Then, A - l Ta'0', B ■ <La01*. 

Proof , — On m O m + mn °> O m + (p) 
m cos ft + Ift sin a 
Hence, cosc • On, which gives c. 

Rest of the proof u the same as m Case L 
[ In the diagram, we have, 

Given a - 76° 30', ft - 50° 15', C - 34* Ilf ; 
we find A - 121° 30', B - 42°, 0 * 40°.] 

C ate IV, Given A3 * c * to find afi , C 

Solution Solve as in Case 111 the polar triangle of ABC 
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12. Cow V. Given b, c, B , to find A, C, a ; (c > ft). 

Solution Construct A a 0T, each that 
l {3 ■ a B, * (c), aT ■ (6 ) , (ambiguous case). 

Suppose we get two solutions, viz. As a0Ti and a0T«. 

Note m on OY such that Ou = nm, and note p, q on the ordinate 
at u such that up - 0Ti and uq “ 0T>. Note now the points gt and 
A where Op and Og cut arc XY. Then 

a\ m 2 the L marked by A and Cj m l 0Ticu 
Also, <h m 2 the l marked by a and C* » l 0T»o. 

To find Al At, now proceed as in case I. 

Proof-,— li at be perp. to {JTiTj, then by property (C) 

tun m cos b ■" cos c * (®0 - Tt) tan 

Now T® is + ve or - ve according as t lies to the right or left 
of T; also STi - T ,b. 

For AaPTj, «m - (®0 + tan ^ - T,0 tan 
and tot A u0T*t, mm ■ ( ®0 “ W ) tan * Tj0 tan 

tan^l-255 tanA5 tan - tang* 

Hence the given construction for a% and ««. 

cc 
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[In tha diagram we have 

Given b - 50° 45', c - 69“ 15', B - 44° 3(/ ; 

we find Ai - 25°, 45', Q - 122° 30 # . a, - 29° O' 

Ai - 115° 30’, C, - 57° 30', a, - 95° 13f], 

Com V/. Given B,C, b ; to find 0 , c, A. 

Solution Solve as in case V the polar A of ABC. 

The formnlae (A), (B), (C) may be used to derive tha usual 
fundamental formnlae of Spherical Trigonometry ; also proofs of the 
geometrical constructions given above may be obtained by using the 
ordinary formnlae, bat are somewhat lengthy and unnecessary here. 



AN APPROXIMATE CONSTRUCTION 
FOR ANiANGLEOF 40° 

By 

V. M. TELANG, B. A. 

The following very elegant and simple method of approximately 
constructing an angle of 40° is given by me in the Indian Mathematical 
Society's Magazine, Janaary, 1933. 

Take a circle ABC. AB is the diameter and C the midpoint of An 
AB. With centre C and radios ■ | AB cut arc CB at D. Join 



BD and measure BE “ BC. Then the angle BAE a approx. 40°. 

For let AB ■ 2a, then BC a a s/j and the angle ABD “ 75°. 
Hence if l BAE a 9. 

sinfl _ sm (75° + 6} 
a-J 2 2a 

This gives 9 = 39° 24' approximately 

This construction amounts practically, to the construction of a 
A of sides 20, 0 V2 and the included angle 75°. 

Another con s tract io n to a better approximation may be five* 
as follow?, 
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Thka a triangle ABC ri cldai C with sides* and 4-^1. 



BC “ a Measure CD " ii of « Thu means divide CB into 25 
puts and take 17 parts opto D Then the 

angle 4> *■ tan 1 / «) ” 30°and the angle 0 ■ tan 1 

" 40° approximately 

This construction is better as it gives the result correct to within 
two decimal places. This latter construction is not also inconvenient 
from a practical standpoint if 25 divisions of a scale are used as the 
starting length 



NEW LIGHT ABOUT AN ANCIENT INDIAN 
ASTRONOMER’S FIRST POINT OF THE ECLIPTIC 

B) 

A. B PALKAR 
Rajarom Co Uege, Kolhapur. 

(Synofisti • — For the last hundred years or more, the Western 
scholars are of the opinion that the Indian astronomers calculated the 
places of the planets, the sun and the moon from zeta-Piscmm. 
Amongst the Indian astronomers of the present generation, there is a 
sharp controversy over this point In this thesis, it is definitely shown 
by means of new circumstantial evidence that one of the ancient as- 
tronomers namely Ganesh Daivadna did not hold £ Piscium as the 
first point of the ecliptic Also it is proved incidentally that alpha- 
Ononis is the principal star of Ardra) 

Mr. John Bentley, a member of the Asiatic Society published in 
1823, a treatise entitled “ Historical View of the Hindu Astronomy". 
In this book he had advocated many of his theories , one of these being 
that £ Pisciom is the starting point of the ecliptic according to ancient 
Hindu astronomers. Since his days, there has been a sharp contro- 
versy amongst the Indian astronomers about their starting point of the 
ecliptic. 

There is one important difference between the Western and Hindu 
astronomers about the method of calculating the longitude of a celestial 
body. The Western astronomers calculate the longitude of a heavenly 
body from the cutting point of the equator and the ecliptic. But the 
Hindu astronomers have been in the habit of calculating the longitude 
of a celestial body from some fixed point. A few centuries after 
the Christian era, this method of determining the longitude of a 
body from some fixed point came into vogue in India. The exact 
date, when this method was first used by the Hindu astronomers is 
not known. It is supposed that in 444 of the Shaka era («.«., m 522 
A.D.) the cutting point of the ecliptic and the equator (t.e, vernal 
equinox) and the Hindu astronomers' start mg point on the longitude 
circle coincided. But no definite opinion can be expressed about this 
date. I have determined the view of Ganesh Daivadna who wrote his 
famous treatise "Grahalaghava" in 1520 A. D. This book is so 
widely used and studied by the Hindu astronomers that the more an- 
cient treatises of the Hindu astronomers such as Aryabhata Brahma- 
gupta, Lftlla & etc. have been superseded on the major portion of the 
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Hindu continent One of the striking features of this book namely 
Grahalaghava as compared with the more ancient books on the some 
subject is that the places of the planets, the sun and the moon can be 
calculated without the use of trigonometrical functions In order to 
understand the usefulness of Grahalaghava to ancient Hindu astro 
nomers one must pay attention to the following two handicaps to which 
they were subject (i) In those days the Hindus had the tables of 
the sine of angles differing by 3* degrees and («) all multiplications and 
divisions had to be done without the use of the logarithmic tables 
The calculating machines of the present generation would have been 
to them a veritable Aladdin s lamp M Hence it was very tedious and 
troublesome to them to calculate the places of the planets etc , by 
means of the methods advocated by the still more ancient Hindu as 
tronomers such as Aryabhata, Brahmagupta etc 

It is definitely known that Keshava Daivadna, the father of 
Ganesh Daivadna was also a great Hindu astronomer and that his son 
Ganesh Daivadna had studied astronomy under his father s tutorage 
and that both the father and the son had taken numerous observations 
of the stars and planets After taking into consideration all these 
facts, we can safely draw the inference that Ganesh Daivadna must 
have definitely fixed upon the starting point of the ecliptic for his 
Grahalaghava If it can be ascertained that his starting point was not 
{ Piscmm, some definite insight about the opinion held by the Hindu 
astronomers of his period will be available to us 

Now one outstanding feature of the ancient Hindu astronomers 
is that they did not as a rule, give the observations and the exact date 
of those observations If they had given the exact date and the obser 
vations taken by them, it would have been very useful to later genera 
bone Though the ancient Hindu astronomers did not give their 
observations with the dates, they introduced many " Bija sanskars 1 or 
corrections into the current methods of their tunes But these come 
tions cannot, as a rule, be used in deciding the debatable point of { 
Piscmm As neither the observations nor the corresponding exact 
dates are known, it is not possible to guess anything with certainty 

I have come across a certain passage of Ganesha Daivadna occur 
ring in Muhurta Sindhu — 

tn u 
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v _ A. ^ »■■ _ - ^ 

” IWJpff JJRuTOTT w 

’i’wwiiw arft ftvgjpur NT^sfrwwnw 11 ^ 11 
dftaft igft t im rftw qWWlyft q W l s 
Nttfl g^TT: £ I 

ihfli %w$qftTi3jpT tftnjjjlsH $ 

qwit g<^awP|i ! » » VimR » l*>!»W I «i!W ; II < II 

Translation —“When the nakshatra Aawini comes on the meri- 
dian, the rising point of the ecliptic is 102°, m the case of the 
nakshatra Bharam it is 112°, that in the case of the nakshatra Kntika 
it is 1 20° , that of Rohmi 140° , that of Mngashirsha 153°, that of 
Ardra 156° , that of Pnnarvasn 183°, that of Fushya 196°, that of 
Ashlesha 197° , that of Magha 217° ; that of Pnrvafalgnm 232° , that 
of Uttaraphalgnm 240° , that of Hasta 251° , that of Chitra 263° ; that 
of Swati 277° that of Vishakha 291°; that of Annradha 305°, that of 
Jeshta 312°; that of Mula 327° , that of Forvashadha 345° , that of 
Uttarashadha 351° , that of Abhijit 354° , that of Sbravan 12° ; that of 
Dhanista 28° , that of Shatataraka 61° , that of Purva Bhadrapada 66°, 
that of Uttara Bhadrapada 74° , and of Revati 94°; This is stated 
by Ganesh the son of Keshava Daivadna , and these figures will be 
true in the case of a place having four “Palabha" (u., having the 
latitude of 18° 26'), bat at other places, there will be small differ- 
ences ” Now the date of this author’s widely known and circulated 
book of Grahalaghava is 1442 of the Shaka era (». e , 1520 A. D.) and 
he most have made the above mentioned observations prior to this 
period. Now as these are the observations about fixed stars and not 
about the planets, even a difference of some 20 years would not amount 
to even 1/3 of a degree due to the precession of the equinox. The as- 
cending point of the ecliptic is to be observed on the eastern horizon 
at a place having four palabha t e., a place having the latitude of 18° 
26' 6" Nandigram or Nandagaum, the native place of Ganesh Dai- 
vadna has the latitude of nearly 18° 26', and so we are certain that he 
obtained the figures mentioned in the verses by actual observations. 

Out of the 28 stars, mentioned in his verses, only thorn can be 
relied upon which were near the celestial equator. The necessity of 
this condition can be explained thus a star which has modi declina- 
tion towards the north will appear to stay for a longer period on the 
meridian " belt " and a star having much southernly declination will 
appear to move rapidly op the meridian “belt”. Secondly the point 
of the ecliptic which will be ascending when a particular star is on the 
meridian should not make a very large angle OE* ; otherwise the points 
on the ecliptic will not be rising with the same speed (t. e. angular 


The eagle of the rising point of the ecUptfc with the East-West ttne. 
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motion per unit of time) as the star on the meridian. By meridian 
11 belt ", I mean a small strip of the sky made up by two parallel 
circles at a very small distance (say | degree) on either side of the 
meridian. The stars will appear to be on the meridian circle to an 
observer with rudimentary instruments when they are within the 
meridian 11 belt 

Hence these two conditions are absolutely necessary if we have to 
use the data given by Ganesh Daivadna with confidence. 

It is certain that he must have taken his observations either with 
primitive instruments such as Ghatika ( Indian water clock)! Nalika- 
yantra (the Indian astrolabe) etc, or by simple observations. For it is 
known that the chronometer or the telescope or other modern instru- 
ments which can give very accurate results were unknown to Indian 
astronomers of those days The Indian astronomers drew their conclu- 
sions about the apparent motion of the planets etc. by taking a large 
number of observations with simple instruments! for a long period. 

Now when the criteria-namely the star on the meridian as well 
as the rising point of the ecliptic should be very near the equator-be 
applied to the 28 stars quoted in the above mentioned verses, two only 
can be selected out of the 28 stars and the rest must he refused* 
These two are Ardra and Shravan 

But about the principal star of Ardra there is some difference of 
opinion. Mr. John Bently and Raobahadur Chhatre were of the 
opinion that the principal star of the Indian lunar mansion Ardra is 133 
Taun. But authorities like Colebrooke! Whitney! Burgess, Bapudeo 
and Ketkar are of the opinion that Alpha Ononis is the star of Ardra, 
while Dikshit alone held the view that Gamma Geminorum is the 
principal star No reliable inference can be drawn unless this difference 
of opinion be settled with certainty. So I shall examine the opinions 
of these persons. 

Now these different opinions arose because Bentley, Chhatre and 
Dikshit supposed that a Ononis is a star comprising the lunar mansion 
(nakshatra) Mnga (deer). But if we take into consideration that the 
pr o per names of that lunar mansion 19 Mngaaheersha (head of the den) 
and not Mnga (deer) alone, then there can be no difficulty in assigning 
a Ononis as the star of Ardra. Bentley and Chhatre took 133 Taun 
as the principal star of Ardra which is much removed towards the 
north of Ononis. But Dikshit could not acquiesce himself with 133 
Taun which is of 5 2 magnitude. Hence he chose T Geminomm 
which has the magnitude of 1*9. 

Again it should be noted that those lunar mansions ( nakshatra) 
which are constituted by a single star cannot have a star like 133 
Taun, the magnitude of which is 5*2, e. g. (f) The nakshatra Chitra is 
composed of one star namely the Spicaand the Spica is of 1*2 magnitude. 
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(A) The nakshatra Swati is made up of ona star namely the Arctnraa 
St the Arctnraa is of 0*2 magnitude. Therefore, die only afar of Ardra 
cannot be 133 Tauri the magnitude of which u 5-2. It may be noted, 
in addition, that stars of the 5th and 6th magnitude are only visible 
when the sky is quite clear and also when the bright moon is not in 
their vicinity. Again it is worth noting that Bentley expressed with 
great diffidence his view that 133 Tauri is the star of Ardra. For on 
page 104 of “ Historical View of the Hindu Astronomy ” he placed 
the sign of interrogation after 133 Taun. So when it is known that 
Bentley himself is not confident about 133 Tauri and that scholars like 
Colabrooke, Whitney, Burgess, Bapndeo and Ketkar are of the opinion 
that a Orionis is the star of Ardra, we can very safely set aside 133 
Tauri The opinion of Dikshit will be scrutinised at the end of this 
essay and it will be proved there that he was quite wrong in assuming 
T Gemlnoram as the star of Ardra. 

It is also worth noting that all the ancient Indian astronomical 
works such as Nakshatra Kalpa, Vndhagargiya-sanhita, Varaha-mihir, 
Khanda-Khanyaka, Ratna-kosha of Lai la, Shakalyabrahma-stdhanta, 
Ratnamah of Shnpati, Muhurta-mala, Muhortachitarmni, etc., unani- 
mously say that the lunar mansion of Ardra has only one star. Also 
the following verse known under the name of Mulanusari-sphuta says 
that the lunar mansion of Ardra is like mam (jewel) 

fafirjnrcfr ‘qaffift rn ito ere i 

(Meaning* — Mrigashirsha has three stars of the form of the 
month of a deer, Ardra has one star like mam ia jewel, Pnnarvasn 
has four stars like a house, Poshya has three stars like an arrow.) 
So a Ononis which is of 3 to 1 1 magnitude must be the only star of 
Ardra to sparkle like a jewel and the star 133 Taun which is of 5*2 
magnitude can never possibly be the star of Ardra. 

Now let ns find oat by calculations the rising point of the ecliptic 
at the tune of Ganesh Daivadna when a Ononis used to come on the 
meridian at a place, the latitude of which is 18° 26'. On the 1st of 
January 1920, the R. A. of a Ononis is 87° 42* 49* and the tWllt^Hon 
is North 7° 23' 33". The obliquity of the ecliptic is 23° 26' 54". 
By rfwnging these co-ordinates, we get : — 

Longitude -88° 59* 51* St 
Latitude - 16° l' 58" South. 

Also in 400 years the precession of the equinox — 

- 50*26" x 400 
-5° 35' 4" 

Therefore in the days erf Ganesh Dai vanya, the longitude of a Orionis 
is got by deducting 5° 35' V' thus 
DO 
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88° 59* 51" 

5° 35' 4" 

83° 24' 47" = long, of a Ononis. 

But the latitude of a star remains the same. 

The corresponding R. A for a Ononis having the longitude of 
83° 24' 47" and the latitude of 

16° 1' 58" is 82° 18' 3". 

Now 400 years ago when the star a Orionis having the R A. of 
82° 18* 3" came on the meridian, the point of the ecliptic on the 
eastern horizon will be 172° 40 / 6" and the angle OE (i e. the angle 
made by this point with the East-west line will be only 3° 2' 8*0 

Now it may be noted that Ganesh Daivadna did not know the 
correction for the refraction Therefore this correction most be 
added So 

172° 40' 

0° 33' 

173° 13' 

Therefore 173° 13' will be the apparent ascending point of the 
ecliptic on the eastern horizon 

It must be specially noticed that, 1 have followed this tedious 
process of twice changing the co ordinates and then finding out the 
rising point of the ecliptic instead of using the easy method of the 
the annual variation. For a period of 400 years, the figures for annual 
variation are not reliable and hence these cannot be used in the 
present case. 

Now it will be seen that the apparent rising point of the ecliptic 
is 178} during the days of Ganesh Daivadna. But in the verses 
quoted from 11 Muhurtasindhu," it is said that the rising point of the 
ecliptic is 156° when a Ononis comes on the meridian. Therefore 
Hwdnrhn g 156° from 173} we get 17}° This must be approximately 
the distance according to Ganesh Daivadna between the true vernal 
equinox of those days and the Hindu astronomers' starting point 
of the ecliptic. But m those days C Piscium was at a distance of 
13} from the vernal equinox. 

I have already noted that Ganesh Daivadna and Kesha va 
Daivadna his renowned father and preceptor in astronomy had made 
that science their lifelong study and occupation. It may be noted 
also that Ganesh Daivadna's views were accepted by his immediately 
succeeding generations. Thus his treatise superseded the works of 
ancient authors for calculating the places of the planets, the sun and 
the moon. Hence it is settled that Ganesh Daivadna who had taken 
actual observations was of the opinion that the Hindu astronomers' 
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starting point on the ecliptic is some point other than ( Piadnm and 
that this point is at a distance of about 17° from the vernal equinox. 

I shall give another co rroborahve evidence . 

In tha case of the lunar mansion Shravana, it is unanimously 
admitted that a Aqmlae is the principal star. The R* A. of a Aqnilae 
or Altair is 296° 42^ 42* on the 1st of January 1920 and the declination 
is North 8° 39 / 22* The obliquity of the ecliptic is 23° 26' 54*. 
By changing these co-ordinates, we get 300° 3# 52* as the longitude 
of a Aqmlae and the latitude of it is 29° 14' 28" North. The preces- 
sion of the vernal equinox in 400 years is 5° 35* 4". Therefore the 
longitude of a Aquilae must be 295° 3 f 48" in the days of Ganesh 
Daivadna. The latitude remains the same. Now by again changing 
the co-ordinates we get the R A, of a Aquilae to be 291° 52? 35*. 
Thi9 was the R.A. of a Aquilae m the days of Ganesh Daivadna. 
When this star came on the meridian at a place having the latitude 
of 18° 2t\ the ascending point of the ecliptic on the eastern horizon 
was 27° 27^ 18" and the angle OE was 11° 9? 49" , and by adding 33*, 
the correction of refraction, we get 28° (/. But Ganesh Daivadna 
says that the rising point of the ecliptic is 12°. Hence the distance of 
the vernal equinox from the Indian astronomers’ starting point on the 
ecliptic was 16° (/ in the days of Ganesh Daivadna. 

In the case of the lunar mansion Ardra, this distance was found 
to be 17{ so there is a difference of li degrees. But this difference 
can very easily be accounted for. Firstly the angle OE in the case of 
Shravan (t e , a Aqmlae) is 11° which is rather large and in the case 
of Ardra a Orionis) this angle is 3° only. Secondly Ganesh 
Daivadna had to take his observations with the help of rudimentary 
instruments. Therefore it is but natural that small discrepancy is 
very likely to arise in noting the ascending point of the ecliptic 
which makes such a large angle OE of 1 1° However it is not at all 
necessary to enter into minute details whether 17i or 16 is the more 
correct value Even with either of the value namely 16 or 17 i, it 
proves that Ganesh Daivadna and his contemporaries did not think 
that ( Piscium was the starting point of the ecliptic. 

Finally the case of T Gemmorum advocated by Dikshit will be 
considered 

This star may be similarly treated as was done in the case of 
a Ononis and a Aquilae and the rising point of the ecliptic, may be 
found out when T Gemmorum came on the meridian in the days of 
Ganesh Daivadna. It will be found after the calculations that the 
rising point of the ecliptic was 182}. This value is inconceivably 
wrong with the circumstance of the case. Because if 1* Gemmorum be 
accepted, then m the days of Ganesh Daivadna, the distance between 
{be Hm4u astronomers’ starting point and the vernal equinox of those 
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days amounts to 26i This absurd result cannot be got by rudimentary 
instruments or by even bare observationa of the aye alone II And 
hence T Geaunorom cannot possibly be the star of Ardra. Dilcsbit 
was led to think that a Ononis cannot be the star of Ardra, because 
it is part of Mriga (deer) And hence some other star of first or second 
magnitude near about a Orionis should be the star of Ardra. Bat as 
already pointed oat Mngasheersha (head of the deer) and not Mnga 
(deer) is the proper designation of the lunar mansion preceding Ardra. 

Conclusion : — 

This method which is based upon the actual observations of 
Ganesh Daivadna, does not require the exact date of the observationa 
obtained by him. A difference of even 25 years will produce at the 
most a change of 1/3 degree. Also the observationa are free from any 
prejudice as there was no bitter controversy in his days about the 
starting point of the ecliptic. He must have adopted the view as 
was then prevalent throughout the major Hindu continent, with some 
minor changes of his own. Also these observations are of the nature 
of circumstantial evidence. Hence they are important in giving an 
insight about the opinion of Ganesh Daivadna and his contemporary 
astronomers about their starting point of the ecliptic. They held 
i tttfiltedly that £ Piscmm is not the starting point of the ecliptic and 
that this point was at distance of about 16i±J degrees from the vernal 
equinox of their days. The quantity i degrees is introduced from the 
fact that the correction far refraction was never detected by the 
ancient astronomers , therefore I have taken £ degree as the value of 
“ probable error ". 
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We are livii* in the twentieth century, a century in which science 
has made a most extraordinary progress in all directions. Of all the 
investigations made during the last 20 or 30 years those made in the 
science of dietetics will hold a no mean place, for they have a vital 
bearing on the improvement of the human race. The conclusions to 
which Major-General Sir McCamson and other workers in the 
same fi«ld have come as a result of their investigations on food, 
have been most far-reaching and have given a new hope to man. 
He is now no longer helpless as before when he was under the 
fain* notion that climate was the principal factor in influencing the 
health and growth of the body. McCamson has conclusively 
proved that it is not so much the climate as food which plays a 
vital part in producing a strong healthy man or a weakling suffering 
from all sorts of ailments. Climate one cannot control but food 
one can and therefore it is that a new world of hope and cheer 
has opened out before man inasmuch as it is completely within his 
power to maintain good health and efficiency and improve his race by 
taking advantage of the latest researches on dietetics. 

If science has shown what a powerful weapon the knowledge 
about food is m the hands of man for making the race healthy, 
strong; physically fit and efficient what steps should be taken to 
bring about this result in a country like ours where an epidemic 
like influenza can sweep off, at one fell swoop, more people in one 
year than the great war had done in four years, showing how low 
the vitality of the people and their resisting power against disease 
most be. An important advance would be made if well-balanced 
dietaries catering to all tastes and suitable to all purses were 
prepared. India is a poor country and therefore the dietaries must 
be very cheap. It is, therefore, very Inecessary to make investigations 
to find out cheap but at the same tune nutritious substitutes of food 
materials to replace the costly ones. India is, again, a country so vast 
and varied in respect of climate, altitude and sod that it is in a position 
to prodocs successfully every variety of grain, millet; bean and othe r 
food materials. Every effort must, therefore, be to grow in our 
pountry food-ptuffr of oaf own tu>d other countries which havp bepp 
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found by experiment and experience to satisfy the physical chemical* 
bio- chemical, physiological and economical tests soya bean, ( vide 
page 253 ) 

1 his naturally brings into prominence the importance of establish- 
ing Institutes of Nutritional Research in every Province in a big 
country like India and directs our attention to the intimate connection 
they should have between the Agricultural Departments on the one 
hand and the Industrial Centres on the other. To the former they 
would suggest problems of research such as that of studying the best 
conditions under which a food-stuff like Soya bean can be grown in our 
country and to the latter they would suggest the need of doing propa- 
ganda work among the industrial population for a large use of certain 
food-stuffs which have been found to be best and of making an adequate 
provision for their supply at a very cheap rate and m an unadulterated 
form. They would also be helpful in preparing the dietaries mentioned 
above 

It is to the important investigations on food-stuffs earned out by 
F Gowland Hopkins in England, by Osborne and Mendel, McCollum 
and Davis m America and by E. Abderhalden in Germany that we owe 
our present knowledge of the new values of nutrition and the new 
standpoints in the study of nutrition It is to the investigations of these 
men and particularly to the researches carried out by McCamson in 
India on the Indian food stuffs and their bearings on health and disease 
and physical efficiency that I shall refer, now and again, in the course 
of this article, to show how they vitally affect the question of the 
improvement of the human race. 

Major-General Sir McCarrison, Director of Nutritional Research 
at the Pasteur Institute, Coonoor, South India, in the evidence he gave 
before the Royal Labour Commission three years ago made the 
fallowing memorable statement on the relation of food to the physical 
efficiency of Indian workers M 1 The level of physical efficiency of 
Indian workers is, above all else, & matter of food. No other single 
factor, race, climate etc* has so profound an influence on 
their capacity to sustain arduous labour and prolonged muscular 
exertion. Nowhere in the world is this outstanding influence of food 
more conspicuously illustrated than in India As we pass from the 
North-west regions of the Punjab down the Gangetic Plain to tjhe 
coast of Bengal, there is a gradual fall in the stature, body-weight, 
stamina and efficiency of the people. In accordance with this decline 
in manly characteristics it is of utmost significance that there is an 
accompanying gradual fall in nutritive value of the dietaries, and more 
especially in the average level of protein metabolism attained by the 
people of the Punjab, United Provinces, Behar and Bengal 1 Lt. 
CoLD.McCay of the Indian Medical Service reached thee® condueioqa 
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some 20 years ago as a result of his nutritional researches ; my investi- 
gations have served to confirm their accuracy. This decline in physical 
efficiency extends also to inhabitants of the Southern and Western 
parts of the Indian Peninsula. It depends almost entirely on the 
gradually diminishing value of the food with respect to . 

A. The amount and quality of its proteins. 

B. The quality of the cereal grains forming the staple article of 
the diet 

C. The content and the quality of the fiats in food 

D The vitamin and the mineral content of the food." 

The same idea gains further support by the ovidence adduced to 
solve the following questions Is it because of the preponderating 
race diet that the Japanese, the Chinese, the Javanese and other 
oriental races are short in stature ? Again, is it because the Polynesians, 
the Northern Europeans, the Sikhs, the Punjabis and the Pathans hit 
upon a dietary conducive to greater growth that they are taller in 
stature ? Let us examine the evidence on the subject. 

It was found by Japanese Scientists that by c h an gi ng the dietaries 
of certain school-going children the children who received a diet aug- 
mented by food used by the taller races were found to be several 
mches taller and several pounds weightier than the children who were 
fed on the normal diet of the country 

There is a German proverb which says 1 Man ist wa3 er isst ' 
( a man is what he eats ). This view was further confirmed by ex- 
periments carried out on rats The rat is an excellent animal for 
purposes of these experiments. They are both vegetarians and carm- 
vonans and as their metabolic processes resemble those in man the 
effects of food upon rats are often onaloguous to those upon men. 
Again, the young of these animals grow and breed rapidly and medical 
scientists are therefore able to observe the changes taking place m 
their organisms within a few days or weeks at the most and conse- 
quently to draw accurate conclusions from experiments carried out on 
them under experimental conditions. 

In the discussion of the question on the relationship between 
climate, food and soil on the one hand and physical efficiency, health, resi- 
sting power against disease, capacity for endurance and hard work etc., 
on the other it was difficult to decide which of the three factors climate, 
food or soil played the most important part. This question was very 
ingeniously solved by McCamson by selecting Coonoor, a beauti- 
ful spot on the Nilgiri Hills, 6000 feet above the sea level, reputed for 
its salubrious climate, as the station for his classical experiments and 
by the strictly scientific conditions under which he carried them out. He 
had the following factors constant for all his experiments, viz, climate 
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and soil, the only factor which he varied was food. McCqmson 
as a result of the experiments made under the above-mentioned 
conditions was able to come to some most important and far-reaching 
conclusions as to the effect of food upon the health, stature/ stamina, 
physical efficiency, etc, of the rats , for food was the only factor which 
he varied, keeping all other factors constant throughout the experi- 
ments He did not arrive at these conclusions by making one or two 
experiments but a large number extending over a period of three years 
over hundreds of rats all of which pointed to the same conclusion. 

Relative Values of the National diets of India. 
Diagram l* 



Graph to show growth In the weight of rats during the experiments hi 
feeding on the diets of different races. 

In one of the classical experiments devised by McCarrison 
to find out the nutritional values of the diets of different Indian races 
he fed rats on the dietaries of the following races, viz, Sikhs, Gurkhas, 
Marathas, Pathans, Kanarese, Bengalis and Madrasis and found that 

* By Courtesy of Major-General Sir McCarrisoa 




Average Specimens of colonies of rats ted on the national diets or India 

Diagram 2* 



By kind permission of Major General Sir Robert McCamscn 
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the perce n tage increase in body weight of rats fed bn the Sikh diet 
after 80 days was the highest (60) while that for the Madrassi diet for 
the same period was found to be the lowest (18). Diagrams 1 and 2. 
give a vivid picture of the effect of food on the growth and size of the 
body. The Sikh and Madrassi diets which wen given to the rata in 
these experiments are shown in Appendix A. 

The conclusions regarding the relative physical efficiency of the 
different Indian races arrived at by McCay and McCamson 
have been independently confirmed by Prof. Vaidyanathan from the 
investigations made by him on the height, weight, chest and abdominal 
measurements of 51,186 Lives of Hindus from different provinces of 
India Assured with the * Oriental Life Office.' He states in his report 1 
" There is no questioning the fact that the Punjabi is the best of all 
Indian types when the comparison is baaed upon weight given height 
and age.” The second place is given by him to the Hindus of the 
United and Central Provinces and Bengal. As regards the two 
remaining groups of Hindus, vis. the Madias Hindu and the Bombay 
Hindu be states “There is no question but that these two classes carry 
the tail end of the whole Hindu Group.” 

In the second experiment devised with the same object McCerrt- 
son fed rats on the habitual diet of the poorer classes in Europe and 
compared it with that of the Sikhs. The resalts of the experiments 
were that the rats of the Sikh group were of much larger sue with 
smooth coats and gentle demeanour while those of the European group 
were stunted in growth, had rough coats, a nervous disposition and 
suffered severely from diseases of various kinds. These experiments 
•bow that change in national diets may change national characteristics 
in the future ; they also show the relative nutritional values of the 
national diets of different races. 

In the other experiments devised by McCamson to find out 
foe relationship between food and health on the one hand and food 
and disease on the other, he observed the following conditions ws, he 
used the same animal houses, the same cages, the same scrupulous dean* 
liness, the same duration of exposure to the sun's rays and under tbs 
same salubrious climate of Cocnoor. In one senes of experiments ha 
took a community of rats and fed them on a well-balanced diet — **ja 
diet similar to that eaten by certain races of Northern India, among 
whom are to be found some of the finest physical specimens of 
mankind".* What was the result? During the period of expe rt - 

L Report on an ' Investigation into tba Height, Weight, Cheat and Abdo- 
minal Measurements ' of Lives Assured with the ‘ Oriental Life Offloe ’ between 
the years 1914 to UM fay L.S. Vaidyanathan, MA, FXA* Deputy Actuary ef 
tba 4 Oriental Life Office* end P rtrftittr o 4 Acturiel S Hw ict, the fl^deohM 
Goilflge of end Bombey* 

& From an article by McCtorisoQ on “ Food . The Foundation of BaaMe” 
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mentation which extended over a period of three years there had been 
“no case of illness among these rats, no deaths from natural causes in 
the adult stock, and but for a few occidental deaths, no infantile 
mortality Both clinically and at postmortem examina- 

tions they have been shown to be remarkably free from disease. 
Disease and death have been excluded almost completely by minute 
attention to three environmental conditions vtz, f cleanliness, comfort 
and food". 1 In the other series of experiments he took different groups 
of rats and fed them on different kinds of diets winch were ill-balanced, 
or in other words, were deficient or preponderating in one or more 
important constituents of food, faulty in one way or another, containing 
too much of one thing or too little of another. As McCamson 
wanted to learn how the foods eaten by the people of India are related 
to disease he took care to see that the materials of food which formed 
the various faulty dietaries given to rats under experimentation were 
usually those ordinarily used by the people of India. These were so 
combined as to form one sided dietaries disproportionately rich in 
starches and carbohydrates and lacking in certain elements and comp- 
lexes necessary for normal nutrition The results of these experiments 
were remarkable. Whereas the well-fed rats remained free from 
disease, the ill-fed rats showed the following morbid states both clini- 
cally and at postmortem examinations “Pneumonia and other diseases 
of the lungs , diseases of the nose and the passages leading from it ; 
diseases of the ear causing pus formation, adenoids, diseases of the eye 
which may lead to actual blindness , diseases of the stomach and the 
intestines such as inflammation of the bowels and ulcers , stone in the 
bladder and kidney and inflammation of the bladder , premature birth 
of the young or their death in the mother's womb , diseases of the skin 
such as loss of hair dermatitis and abscesses , anaemia , dropsy , enlarged 
glands , goitre , neuritis , ben-ben , disease of the heart And when 
other animals, such as guinea pigs, are improperly fed scurvy, decaying 
teeth, rickets or softening of the bones, colitis, dysentery and other 
diseases occur amongst them” 1 This shows that mankind in general 
suffers from one major disease — Malnutrition — and that many of the 
maladies from which it suffers arise principally from this cause. 

McCamson found also some other peculiarities in which the 
ill-fed rats differed from the well-fed ones viz , that the former were 
often nervous and irritable and if they lived together in colonies, the 
stronger preyed upon the weaker while the well-fed ones were placid, 
good-tempered and tractable These experiments on rats on a large 
scale and extending over three years as well as experiments made on 
other species of animals viz , guinea-pigs, rabbits, monkeys and 

1 From an article by McOrrison on “Food The Foundation of Health,” 

3. ZM. 
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pigeons undoubtedly showed that keeping all other factors the same and 
changing only one factor vie , food, the well-fed animals were practi- 
cally free from disease and ill fed animals suffered from diseases of 
many kinds It is reasonable therefore to assume that the human 
species would be no exception to this rule 

The question which naturally arises out of these considerations is 
whether it would be possible to keep children practically free from disease 
as McCarrison was able to do in the case of animals The answer 
is in the affirmative It has been shown by Miss Margaret McMillan 
of the Nursery Schools, London, that ailments acquired by children as 
a result of faulty nutrition could be got rid of by proper attention to 
their diet She writes in her book (The Nursery School 1930), "after 
the weakly and ill conditioned children have been nurtured and 
properly fed by her for three or four years they are almost all cured of 
any ailments from which they may have suffered on their entrance to 
the school 99 The most important conclusion which McCarrison has 
reached from the numerous experiments made by him on different 
species of animals for a period extending over three years is that faulty 
feeding is the cause of so many defects one secs in the building of the 
body and of so many ailments one comes across in children and that 
disease and physical inefficiency m later life are to be traced to these 
defects consequent on faulty feeding. 

There are many factors affecting the health and physique of the 
industrial workers , of all these food plays the most important part 
The Royal Commission on Labour in India 1931 draws attention at 
many places in its report to the important question of physique and 
dietary and the part played by defects of dietary Writing about the 
cotton mill workers in Bombay it states that 'the low grade of physique 
among these people is largely due to poor constitutions from birth and 
to a deficient diet* Writing about the cotton mill workers in Ahmed- 
abad it states that ‘the immigrants from Kathiawar, Rajputana and the 
United Provinces, who work in Ahmedabad, have a better physique 
than the local labour force, the variation again being due to differences 
m diet'. Writing about the Bengal Jute Mill workers it states that 
'operatives from up country are usually sturdier than the Bengalis and 
evidence indicates that the emigrant from North India ordinarily 
resists industrial fatigue well, his diet and constitution standing him m 
good stead' Writing about the miners it states that 'the satisfactory 
physique of the Santals is attributed to a better dietary and to the fact 
that they return regularly, often every week-end, to their village 
homes'. While reviewing the health conditions of the chief groups of 
Indian industrial workers it states that "impaired physique and defec- 
tive diet are, however, features cpmmon to many and the severe hand)- 
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caps to industrial development which those factors represent demand 
attention from all concerned.” 

The following examples taken from McCay’a book 1 show dearly 


tbo relative productive capacity of the 

poorly-fed 

Indian and the 

better-fed English worker . — 

England 

India 

Operatives per 1000 spindles 

42 

28 

Operatives per 1000 looms 

43 

125 

Annual outturn of yarn per operative 

7736 lbs. 

4000 lbs. 

Weekly outturn of cloth per operative 

767 yds 

240 yds 

Working hours per week 

55i 

80 

Working hours per year 

2775 

4120 


The above figures are pre-war figures. The working hours per 
week at the present day are 48 for England and 60 for India. 

The figures given by Arno S Pearse* when making a compara- 
tive statement between (l) a cotton mill in the Southern States of 
America and a first class cotton mill in Bombay both turning out the 
same kind of doth and (2) an up-to-date Bombay mill and an Oldham 
Mill of the same size, are recent and very illuminating . — 



America 

Bombay 

No of spindles 

23000 

25000 

No of looms 

800 

800 

Working hours per week 

60 

60 

No. of hands 

329 

970 

Production per man 

250 9 

81*6 


England 

Bombay 

Production per man per hour 

6-4 

3-79 


In a statement made by the Ahmedabad Millowners’ Association 
to the Tariff Board m 1926 the following facts were mentioned . 

" about the dose of the last century whereas an 

operative in Bombay worked on an average only 40 spindles, his con* 
temporary in Italy worked 80 spindles, in Alsace 100, m Switzerland 
and Bavaria 150 each, or approximately four times as many as an 
operative in Bombay The German operative worked during the same 
period 170 spindles approximately, whereas an operative in England 
on an average (in 1887 ) 333 spindles, or over eight tunes as many as 
an operative in Bombay ( 1895 ). There can be no comparison what- 
soever between the spindles managed by a single girl operative in the 
U S. A. and those managed by an operative in Bombay. Bombay’s 

1* “ The Protein Factor In Nutrition” by McCay (1911) 

& “ The Cotton Industry of India ” by Arno S. Pearae (1930) 



DIBTBTICSi FOOD AMD IACB 345 

'40 spindles par operative' would appear aa a drop in the ocean before 
American’s 896 to 1200 spindles per operative.” 

Arno S Paarae in his Report on the cotton Industry of India 
1930 gives the following figures : speaking about Japan he writes, 
"Operatives work as many machines as can be attended under fair con- 
ditions, actually upto three sides of a spuming frame and 5-5 looms per 
operative ( against one side and less than two looms in India ).” 

Though the wage per operative is much lower in India than in 
England and Japan yet the cost of production in India is much higher 
than in Japan and England ; this is principally due to the poor efficiency 
of the Indian operative , this again is due, among other causes, to his 
frail constitution which results from his unsound feeding, and living 
under insanitary conditions. In calculating the outturn of doth or yarn 
per operative in different centres one has to consider the counts of yarn, 
the type of machine etc , it is, therefore, difficult to give comparative 
figures. But as regards the relative productive capacity of the Indian 
and English and Japanese operatives there are no two opinions that the 
output per operative m India is less than in England and Japan. 

If we now turn our attention to the yearly output of coal per man 
working in a coal mine which perhaps gives the best comparative tests 
of the capabilities of two classes of workers ( well-fed Europeans and 
ill-fed Bengalis ) we get the following figures * — 

England 300 tons. 

Germany 243 „ 

Bengal 80 „ 

The physical conditions were all m favour of the Bengali and yet 
the result is an outturn barely 27% of that of the European ( McCoy ). 

If we take the average outturn of bricks per day per man in 
Ahmedabad and compare it with that of the old-fashioned brick-maker 
of the United States of America we get the following figures . — 


Average outturn of brick 

U. S. A. 

India 

a day per man 

450 

262 


Take again the case of a young Bhutia woman of 18 years of age; 
she is known to carry a load, of 200 lbs. over long distances and uphill 
tracts. To work 12 hours every day is not aa unsual thing to a Punjabi 
Agriculturist. 1 This capacity for endurance and hard work depends 
largely, according to McCay, on the level of protein metabolism to which 
their food enables them to attain. The output of work m each case is 
in direct relation to physical efficiency which again is a result of the 
constitution of food* 


J. Vide Appendix G 
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If the physical efficiency of a worker is, above all, a matter of 
constitution of his food as has been shown above and if the ontpnt of 
work is in direct relation to his physical efficiency it is not a matter of 
surprise that the output of our ill-fed Indian labourer is very small. 
If that i9 actually the case then what steps should be taken to 
increase his physical efficiency and consequently hi9 output of work. 
Would the average Indian worker even if he possessed the means 
to provide himself with a diet which would satisfy his physiological 
needs actually spend his money on suitable food or know how to 
choose a well-balanced dietary? Very probably not McCarrison 
puts forward a most important suggestion in this connection which 
deserves the most careful consideration of our industrialists and the 
directors and owners of our textile mills and other big works. He 
suggests that 'where possible workers be provided daily as part of 
their earnings with a properly constituted meal or that they receive 
part payment in kind in the form of food-materials * The trouble 
involved in this would be more than repaid in the increased output of 
work. 

This proposal of providing a properly 'constituted meal 1 to mill 
operatives is no longer in deliberative or experimental stage in Japan 
It is gratifying to note that the mill authorities there supply food to 
practically all their workers , all food supplies could be had 20 to 30% 
cheaper at the mill stores than in the town. The description given by 
Arno S. Pearse in his report on the Cotton Industry of Japan and 
China (1929) about the dining halls attached to the mills is worth noting 
by our millowners here. " The dining balls are plain, specklessly 
clean, and the kitchens are like special factories The food is carefully 
selected according to the latest Scientific caloric contents and supervis- 
ed by doctors " l 

The facts noted above show that stature, body weight, stamina, 
capacity for endurance and hard work, resisting power against desease, 
physical efficiency, output of work, — all these depend upon the 
dietaries of the different classes and races of men. The output of 


1 The proposal of opening big communal kitchens in mill area for the 
labouring population where only smokeless fuel would be used was made by the 
author of this paper as one of the remedies to diminish the smoke nuisance in 
the dty due to domestic smoke at the Smoke Abatement Conference held in 
Ahmedabad under the Chairmanship of the President of the AhmedabadMunici- 
pality in 1931 It was gratifying to him to note that his proposal which was sup- 
posed to be Impracticable was not only anticipated but actually successfully 
followed In Japan by the Mill authorities there. It was equally gratifying to him 
to note that a similar proposal of providing meals to the workers in the mills 
was made by Major-Gen Sir McCarrison In the evidence he gave before the 
Royal Labour Commission in the year 1927 but from a different point of view 
tit, to Increase the physical efficiency of the Indian workers, 
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work by the human machine is closely related to the quality of food 
with which it is provided. Does this mean that one has to spend 
more money to get better and more nutritious food ? No, it is not 
so the most essential thing is to know how to prepare a well-balanced 
diet. An ordinary dietary containing simple wholesome foods in the 
right proportion is far better and cheaper than a dietary consisting of 
rich foods but which are not properly balanced. To understand this 
we must know the chemical composition and the biological values of 
the different food-stuffs that we eat and which are necessary for the 
physiological needs of the body 

Our body is made up of the following elements — 

Non-metallic elements Oxygen, Carbon, Hydrogen, Nitrogen, 
Phosphorus, Sulphur, Chlorine, Fluorine, Silicon 

Metallic elements — Calcium, Potassium, Sodium, Magnesium, 
Iron, Manganese 

These elements are combined together in various proportions 
to form the following groups of substances of which the body is com- 
posed 

Water — present in all tissues 

Salts — present in all tissues 

Proteins are complex organic compounds which contain carbon, 
hydrogen, oxygen and nitrogen and sometimes sulphur, phosphorus 
and iron 

Fats are compounds of glycerine with fatty acids. 

Carbohydrates are substances like starch, sugar or gum and con- 
tain carbon, hydrogen and oxygen, the latter two elements in the right 
proportion to form water , they are therefore called carbohydrates. 

For convenience of study the food principles may be further 
classified as follows 

Tissue formers & Body builders Work and heat producers. 

Proteins Proteins 

Salts Carbohydrates 

Water Fats 

The main function of animal life is oxidation. More oxygen is 
used than the weight of all solid foods. When air is inhaled oxygen 
which is present in it is abstracted by the haemoglobin (red colouring 
matter) of the blood m the capillaries of the lungs. Living in close 
rooms lowers the vitality to an extent little dreamt of by many. 

We need food for two purposes . 

(1) to maintain our body heat and 

(2) to produce new cells and to make up for the wear and tear 
of our bo di es . 
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Food-materials are, therefore, divided into two principal d Mf» 
(l) heat and energy producers and (2) body builders and tusoe 
mere. 

Carbohydrates, oils and fats are heat givers , 

Proteins, mineral salts and water are body builders. 

A complete classification of foods is shown in the diagram given 
below . — 


Foods 


Organic 


Nitrogenous 
(Proteins) (body 
builders, principally , 
also heat givers) 


Non-nitrogenoua 
(heat givers) 


Animal Proteins. 

Sources — 

(a) mQk & raOk products 

(b) meat, fish, fowL 


Vegetable Pro 
telns. 

Sources — 

(a) cereals wheat, 
rice, pulse, millet 
etc. 

(b) legumes, pea* 
etc. 


Inorganic 
(Mineral salts) 
(body builders) 
Sources — 

(a) fruits 

(b) vegetables 

(c) muk 


Caibohydrates 
Sources — 

(a) starches 

(M 


Oils and fats 


sugars 


Animal 
Sources — 

(a) animal fat 

[b) butter, ghee. 


Vegetable 
Sources • — 

(a) vegetable oOa 


All foods must be subjected to the following six testa in order to 
ascertain their relative value — 

1 The Physical Test — How much potential energy is the food 
capable of yielding ? 

2 The Chemical Test— What percentage of each nutritive prltt* 
ciple (protein, carbohydrate and fat) does the food contain ? 

3 The Physiological Test— How does the food behave in the 
stomach and intestine ? 

4. The Biological Test— What vitamins and how much of each 
does the food contain ? 

5 The Economic Test — Are the nutritive constituents of the 
food obtained at a reasonable cost ? 

And shall we add also 

6. The Psychological Test — Is the food palatable ? 

Lot us now examine these tests somewhat in detail* 
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The Phpical The food-staffs that w eat dfflh* in tbtfa 
power to produce energy ; their ‘energy-value’ varies ; it can be meteor* 
ed in 1 calories’. A calorie is the amount of heat required to raise the 
temperature of one kilogramme ( 2*2 pounds ) of water through one 
degree centigrade. One gramme of pure protein and carbohydrate has 
each an energy value of 4 calories One gramme of fat has an energy 
value of 9 calories. According to McCamson an Indian m prime 
of life requires each day from 2,300 to 3,500 calories according to the 
part of India in which he lives and the nature of work he has to do ; 
an Indian woman requires four-fifths of this amount, or from 2»I00 to 
2,900 calories. 

The Chemical Test . — The following proportions of proteins, fats 
and carbohydrates in their diets are recommended for Indians living in 
different parts of India — 

North of India South, South-east and South west 

of India 

Proteins 90 to 100 grms 60 to 70 grms. 

Fats 80 to 90 „ 50 to 60 „ 

Carbohydrates 360 to 450 „ Sufficient to make the total 

Total calories 2,520 to 3,010 requirement of calories 

Again the proportion of animal protein should not be less than 
33% of the total protein m the diet and that of animal fat not less than 
50% of the total fats in our diet Only when our dietary contains food 
stuffs which yield proteins, fats and carbohydrates in the proportions 
given above will it be said to be well balanced and to properly fulfil its 
function (Diagram 3) It is not enough to know that the protein, fat and 
carbohydrate are in the right proportion but it should also be seen that 
they are of the right kind. An animal fed on gelatine (protein), olive 
oil (fat), and straw (carbohydrate), no matter how much of each is 
given, would not keep healthy and would eventually meet with certain 
death for the food constituents are not of the right kind 

What is wanted is the right weight of the body according to the 
height and age of the individual, neither underweight nor overweight , 
that is an indication of good health. “ Mens sana in corpore sano”. 
Body and mind are so intimately related and act and react so much on 
each other that a sound mind naturally results from a sound body. 

The principal defects of Indian diet are (l) too little suitable 
proteins, (2) too little animal fat and (3) a large excess of carbohydrates. 
The best way to make up for deficiencies in the first two is to use 
plenty of milk and milk products and green leafy vegetables and fruits. 
Two examples of well balanced and two of badly-balanced diets, are 
given m the Appendix C which bring out the facts mentioned above very 
cloarly , also an example of an average diet used in one of the local 
students’ hostels (Appendix D.) 

IF 
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77m Ph&etoai ft*— -The food-stafi tbfct ** eat dfflbr in tbdr 
power to produce energy; their ‘energy value 9 vanes ; it can be measure 
ed m 1 calories'. A calorie is the amount of heat required to raise the 
temperature of one kilogramme (22 pounds ) of water through one 
degree centigrade One gramme of pure protein and carbohydrate has 
each an energy value of 4 calories One gramme of fat has an energy 
value of 9 calories. According to McCam9on an Indian in prime 
of life requires each day from 2,500 to 3,500 calories according to the 
part of India in which he lives and the nature of work he has to do , 
an Indian woman requires four fifths of this amount, or from 2,100 to 
2,900 calories 

The Chemical Test — The following proportions of proteins, fats 
and carbohydrates in their diets are recommended for Indians living in 
different parts of India — 

North of India South, South east and South west 

of India 


Proteins 90 to 100 grms 

Fats 80 to 90 , 

Carbohydrates 360 to 450 , 
Total calories 2,520 to 3,010 


60 to 70 grms 
50 to 60 , 

Sufficient to mike the total 
requirement of calorics 


Again the proportion of animal protein should not be less than 
33% of the total protein in the diet and that of animal fat not less than 
50% of the total fats in our dint Only whe n our dietary contains food 
stuffs which yield proteins, fats and carbohydrates in tho proportions 
given above will it be said to be well balanced and to properly fulfil its 
function (Diagram 3) It is not enough to know that the protein, fat and 
carbohydrate are in the right proportion but it should also be seen that 
they are of the right kind An animal fed on gelatine (protein), olive 
oil (fat), and straw (carbohydrate), no matter how much of each is 
given, would not keep healthy and would eventually meet with certain 
death for the food constituents are not of the right kind 

What is wanted is the right weight of the body according to the 
height and age of the individual neither underweight nor overweight , 
that is an indication of good health " Mens sana in corpore sano"* 
Body and mind are so intimately related and act and react so much on 
each other that a sound mind naturally results from a sound body 
The principal defects of Indian diet are (l) too little suitable 
proteins, (2) too little animal fat and (3) a large excess of carbohydrates 
The best way to make up for deficiencies in the first two is to use 
plenty of milk and milk products and green leafy vegetables and fruits 
Two examples of well balanced and two of badly balanced diets, are 
given in the Appendix C which bring out the facts mentioned above very 
clearly , also an example of an average diet used in one of the local 
students' hostels (Appendix D ) 
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The proportions of proteins, fats and carbohydrates in same of the 
important Indian food-stuffi with their vitamin contents and the amount 
of calories they yield are given in Appendix & One can easily find ont 
from this table whether one's diet is well- or ill-balanced. 

The Phystologtcal Test . — The food to be digestible most be 
capable of being absorbed but it should also contain some residue of 
husks or fibres which would act as a ballast in the intestine. If a food 
is cent percent digestible it would produce constipation. A thorough 
mastication of the food is also essential. Again it should be stated that 
it is not what a man eats that gives him strei^th but what he digests 
and assimilates. 

The Biological Test — Over and above the proteins, fats, carbohy- 
drates, mineral salts and water we require certain other substances in 
our food which are body builders and are essential to life , they are 
called vitamins , then absence or deficiency in food prevents growth of 
body, gives rise to certain diseases, known as deficiency diseases and 
ultimately produce death. They are present in such infinitesimally 
small quantities m the foods that only some of them have yet been 
seen or weighed. 1 They are like a spark which ignites the fire of 
nutrition. They are all present in the foods which nature supplies us 
for our use but we should see that we do not inadvertently spoil our 
foods by removing the vitamins from them or by killing the vitamins in 
them before we eat them 

The law of growth of animal life is that it must depend for its 
subsistence upon plant life Men and animals have not got a mechanism 
in their physical bodies to make their own food as the plants do. They 
most have it prepared for them by the plants, directly or Indirectly, for 
the plants are organisms endowed with a capacity for transmuting 
inorganic minerals into organic ones and for manufacturing the most 
vital food-factors, the vitamins It is now well known how important 
these organic minerals and vitamins are not only for maintaining the 
bodies bat also for building them. 

The classical experiments carried out by Gowland Hopkins 
on two groups of rats conclusively prove the important part played by 
the vitamin A in the growth of animals. The open circles in diagram 
4 indicate rats fed on artificial milk (absence of vitamins), solid black 
dots indicate rats fed on artificial milk pins a teaspoonful of natural 
milk containing the vitamin A. It will be seen from the diagram that 
the rats fed on artificial milk diet only were losing in freight and the 
other group which was given a teaspoonful of natural milk along with 
the artificial milk was gaining in weight , this went on till the 18th day 
when the experiment was reversed and the diets were exchanged tHth 
t he result that thos e which wen losing weight now began to grow and 

L Vide Appendix L 
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gtlo m weight end those which wen increasing in weight now began 
to Ion weight apd grow languid. Again a diet deficient in vitamin A 
causes also mflammatinn of the eye, longs, intestines, bladder etc ; the 
first of which may even end in total blindness in some cases. A dog 
anffufiTi g from ophthalmia as the result of a diet deficient in vitamin A 
was cored m 10 days by the addition to his diet of 20 cc. of cod-liver 
od per day ( Stenlock, Nelson and Hart ). An adequate supply of this 
vitamin causes not only growth but is one of Nature's surest safeguards 
against infection from pathogenic bacteria. Vitamin A is slowly 
destroyed by cooking 

Experiments made on pigeons fed on polished rice and unpolished 
rice showed a similar result. The polished rice are wanting in 
an important vitamin B which is present in the unpolished nee. 
Those fed on polished rice began to lose their appetite, became 
very thin, suffered from diarrhoea, got paralysis and died , but if to the 
polished rice were added the nee polishings in time then the tragedy 
was averted. A dog suffering from marked paralysis of hind legs os the 
resnlt of a diet lacking in vitamin B was cored in a short time by 
supplying that vitamin in the form of tomato puce (Cowgill and 
Mepdel ). 

Experiments by Gowland Hopkins on two groups of eight rats. 

Solid black dots — artificial milk -h 3 cc. fresh natural milk 

( a small teaapoonfnl ) 

Open circles— artificial milk only. ( Basal diet ) 


Diagram 4. 



Growth curve* thawing the lofluonoe of Vitamh) A op rata. 
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It was noticed that sailors nsed to suffer from a disease called 
scurvy daring long voyages when they could not get fresh vegetables 
and fruits to eat. In this disease the gums become sore and bleed, 
the legs swell and pain , this is prevented or those Buffering from tills 
disease recover if they are given the juice of lemons. This is because 
green leaves, vegetables and fruits contain another vitamin called C. 
This vitamin 19 killed by cooking, storing and tinning. 

Rickets, a disease of darkness and civilisation, is another malady 
known to be associated with food which is wanting in vitamin D, 
which is usually present in milk, butter, eggs or cod-Uver oil. A child 
living in a dark and gloomy house, who does not get enough milk or 
who is fed on milk from a cow that has been kept in a dark stable 
contracts this disease. But if the child lives in open sunlight, or the 
milk and cow are exposed to sufficient sunlight, or subjected to ultra- 
violet rays then the disease does not occur. The story of the dis- 
covery of the Vitamin D is most fascinating. It has brought 
out most clearly the cor-relation between darkness and disease. The 
natural method of procuring Vitamin D is to eat foods containing 
ergosterol which is fortunately very widely distributed in all kinds of 
natural food-staffs and then to have this activated in the skin by the 
ultra-violet rays of the sun. The understanding of the mechanism of the 
formation of Vitamin D has brought into prominence the health 
giving properties of son-light and the important part played by the skin, 
— a vital organ of the body as a reservoir of light to human welfare. 
Anything which prevents the direct access of sunlight to skin such as a 
cloudy atmosphere, smoke pollution of the air, clothes, indoor life, 
mwang so much loss to health and physical efficiency. The rationale 
of light clothing and open-air life will thus be evident 

It is impossible to write all about this interesting and important 
subject m a short article like this. I would strongly recommend thow> 
interested m this subject and who are anxious to prepare their dietaries 
on right Lines to read the excellent little booklet by Major-Gon. Sir 
McCamaon on Food which could be had for the trifling price of 
As. 12 /• only but which is worth its weight in gold. 

The Economic Test — A lunch of bread and skim milk at 2 
yields as many calories (u e. heat and energy) as a lunch of soup, beef, 
potatoes, turnips, bread, butter, milk and sugar m coffee at 8 mama ; it 
is therefore more economical as it is 4 times cheaper. 

Of all the foods milk is the ideal food and of all the milks mother's 
mQk is the best for an infant The health of an ««*■«*• depends so 
modi on its mother's milk and the quality of the milk depends so 
much on the food the mother takes that too much attention caaoo t be 
given to her diet which should be properly balanced. Suppose the 
diet of the mother is deficient in calcium, phosphates and vitamins 
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which on easentaal for tbs formation of tenth and bones, her milk will 
also be deficient in these salts and vitamins ; now if the infont is fed 
on such a milk there is no wonder that it will suffer from rickets or 
that its teeth will be bad ; with such a handicap from the very beginning 
it will have less resisting power against disease, and will, therefore, 
practically be a weakling incapable of carrying on the ordinary duties 
of life. How for reaching the results of a well* or ill-b a l a n c ed diet are 
is evident from the above example. Again an infant is likely to suffer 
from anaemia if fed exclusively on milk diet for more than six months 
for milk is deficient m iron and deficiency in iron leads to impoverish- 
ment of the blood and check in growth. 

The best form in which milk should be taken m our country is in 
the form of soar milk, cards etc. when one is not absolutely sore of 
the parity of the fresh milk Whole wheat and unpolished rice are 
always to be preferred to white floor and polished nee. Tea and coflee 
have no food values ( vide appendix B ). 

Of the combinations bread and milk and bread and apple, milk 
was found to be superior to apple as a nutritional supplement of bread, 
for of two rats ( twin sisters ) of equal size and equally healthy and 
vigorous at weaning time the one fed on bread and milk grew to five 
times the initial weight while the other fed on bread and apple remain- 
ed stationary ( Sherman, Rouse, Allen and Woods 1921 ). 

Of the combinations bread and milk, bread and batter and bread 
and meat the first was found to be superior to the other two from the 
point of view of growth. 

Attention is drawn here to the importance of the use of the Soya 
bean as a very nutritious article of food in our country where the bulk of 
people do not use animal food. In one ounce of the Soya bean we get 
9>6 grins, of proteins, 4 9 grma of fat and 9>5 grms of carbohydrates. 
It also contains three vitamins A, B, and D and its proteins have a 
relatively high "biological value." In fact from the study of the pro- 
perties of the Soya bean it is expected to be a cheap and valuable sub- 
statute for meat, milk, egg and cod-hver oiL Soya bean crop is exten- 
sively grown in China and is used in various ways m human nutrition 
in China and Japan. It is very necessary that such an article of food 
should be produced 1 2 on a very large scale in our country and supplied 
very cheap to the people and its use popularised.' 

The foots given above show what an important subject the subject 
of nutrition is ; how vitally it is connected with questions of health and 
disease, of physical and industrial efficiency and output of work, and 


1, It is gratifying to note that e xp er ime nts carried out In Stadb Poona 
etc, ehow that the Soya bean can be eooceeefully grown to our country. 

2. For further Information regarding the ug ^ g ^ 

Soya ban vUa Appandicaa ^ F, G and H. 
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with the all important question of produces various typos g( tbe human 
race. n 4f knowledge with regard to the effect* of food upon man 
increases, tt is more than conceivable that race * that fret avail them* 
selves of the new values of nutrition map decrease the handicaps of 
disease , lengthen their lives and so become the leaders of the future". 
( Food and Race, by Victor fioisor, Foreign Affairs, VoL VI. 
Page 427.) 

If India is to become a strong and virile nation then it is the duty 
of Government, Municipalities, Educational and other public bodies 
and the leaders and panchayats of every community to see that no boy 
or girl leaves the school without getting an adequate knowledge of the 
important subject of dietetics and that no section of the public is with* 
out cheap and scientific dietaries suitable to its taste, purse and need. 

In the preparation of this article I have drawn upon freely from 
books and journals treating of food and vitamins. To the authors of 
all these papers I desire to express my thanks. To Major .General 
Sir McCamaon and Principal G. Findly Shirraa my special thanks are 
due for placing at my disposal a good many materials on the subject. 
I am again grateful to Major-Gen. Sir McCamson and Messrs. Mac- 
millan and Co* Madras, for permitting me to reprint diagrams 1,2 and 3. 

APPENDIX A.* 

Sikh Diet. 

(As given to the rata — Diagrams 1 and 2.) 

Whole wheat chapatu. 

Green vegetables in plenty. 

Butter. 

Sprouted gram. 

Fresh milk in plenty. 

Occasionally meat 

MAPRAsgi Diet. 

( As given to the rats — Diagrams 1 and 2. ) 

Rice. 

A small quantity of dhal and vegetables. 

A small quantity of ghee. 

Tamarind water. 

Little buttermilk. 

Betel nuts. 


* This shows the Sikh sad Madrsssl diets on which the ntattf(ef|d by 
McCarrlsoa in tbe classical experiment described op pipe 24J, 
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Appendix B.* 


Broteina, fata and carbohydrates in grammes per ounce, calone- 
value and vitamin content of common food materials used m India 
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Goars Milk 

Buffalo*! Milk 
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2-00 
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t 1 1 

♦ 
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20 
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1-35 
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30 

ttt 
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Lean Beef 

620 

2*06 


43 

Vi 

t 

t 

Lean Mptton 

Goafs Meat 

5*97 

198 

t 

42 

Vi. 

I 

V.L 

t 
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36 

■s 

t 

Vi. 


Pork 
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•• 
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0 

• in 
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• a 
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0 76 
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t 
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a a 
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1 1 
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«« 
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•• 

• aa 
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5*32 
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55 

ttt 
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• 

aka 
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5-15 

0*20 


22 
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aa. 
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5-50 

115 


32 


t 

e.e 

dee 

Chicken 
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0*38 

2*94 

S 

30 

50 

t 

t 

t* 

• ad 

• 
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6-25 

1 86 
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t 

t 

aa 

a*# 
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••• 

42 

tt 
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Food-staffs. 


S*jtan and Starches 
White Sugar 
Brown Sugar 
Goor or Jaggery 
Honey 
Tapioca 
Sago 

Sugar Cane 

Cereal Grains & Brtad 
Wheat (atta) 

Whita Flour 
Unpoliahed Rice 
Washed Rice 
Polished Rice 
Parboiled Rke 
Ragl or Bajri 
Cambu 
Cholam 


Barley 

297 


Oat-meal 

3 37 

2-43 

Maise (yeUow) 

213 

'UE 

White Bread 

200 

0-33 

Sujl or Semolina 

400 

0-68 

Rice Potishings 

• 


DhaU t feas & Beam 



Fresh broad beans 

2-661 

011 

Fresh French beans 

054 

0-03 

Peas (dried) 

185 

017 

Dhala 

6*50 

0-99 

Grams 

5-70 

■FTil 

Soya Bean 

9-60 

470 


tods endS* a* 


Almonds 

5-26 

15*96 

Cocoanut 

101 

1431 

Groundnut 

730 

1092 

Walnut 

385 

19*92 

Other Nuts 

600 

16-50 

IlnfBuH 

6*40 

950 


113 0 

108 0 
100 0 
81 Vi. 
100 0 
07 0 

28 


Tkber and Root Vtgetebks 
Potato 0*70 

Beetroot 034 

Celery 0 17 

Onions 037 

Garlic 192 

Carrots 025 

Leeks 0 71 

Parsnips 0 48 

Radishes 0*28 | 003 

Turnips 0*34 

Yams 0-B1 

Fleshy roots (Taro) 0*50 I 006 



Vitamins. 


B C 


















pyrenes: POOP AND RAGS 



GrmnUffiV*g*M* 
Belinda Sprouts 


Cabbage 

Lettuce 


0*06 1*61 11 
039 043 127 7 

0*31 046 0*54 4 

0 51 046 0*82 6 

119 017 1*78 13 


O0*rVtfrtabkt 
Tomatoes 
Rhubarb 


Cauliflower 
BhendJ (Ladles 


KnoHchd 

Artichoke 

Asparagus 

Petal 


ftw* Fruits and Bema 
Apples 049 

Bananas or Plantains 045 
Grapes 0*17 

Lemons 0*14 

Oranges 0*25 

Pears 049 

Pomegranates 0*18 

Peaches 0-19 

Pineapple 011 

Watermelons 0 11 

Papaya 0*16 

Lichee 0-84 

Mango 044 

Guavas 0-37 

DrkdFndh 

Apricots 1 56 

Currants 048 

Dates 045 

Figs 0-56 

Prunes 0 85 

Raisins 
Tamarind 



3-93 
088 
269 
229 
019 

043 2-66 I 12 

0-09 2 75] 12 

046 1-90 I 9 


047 190 12 

0*22 5-20 23 

0*20 227 12 


049 1444 63 

049 1189 50 

C43 19*73 81 

0-14 15 99 67 

049 1143 GO 

009 17-32 73 

8*89 37 


Jama 

Marmalade 


Treacle 

Condensed Mile 
Pickles 

InSmfooda (Tinned) 

Tea 

Coftee 


1981 79 

. 1941 78 

1605 68 

2*35 15*31 92 

0-11 1 13 7 

241 1783 111 

043 21 56 109 

12*00 1^4 
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Three Crosses ( t t t ) mean ‘ rich in ' , 

Two Crosses (ft) mean * moderately rich in * . 

One Cross ( I ) means ‘ some ’ or ' poor m * 

0 means * none ’ 

V.L. means * very little ’ 

A blank space in the columns tinder 1 vitamins’ means that the 
vitamin-content has not been estimated , 

Calories are given m round numbers , 

One ounce equals 28*3 grammes. 


APPENDIX C 


Examples of well-balanced diets 
1. Panjabi Agriculturist * 



Quantity 
in ozs. 

In grammes. 

Proteins. 1 

Fats. 

Carbohy- 

drates. 

Atta (Whole wheat flour) 


20 

7800 

10*80 

407 00 

Dhal 


1 

650 

0*99 

16 20 

Vegetables 


10 

3 10 

060 

5*40 

Sugar 


2 

0*16 


50 00 

Curds 


4 

560 

400 

3*20 

Batter 


21 

• a 

5770 

. 

Milk 

• * a 

20 

18 80 

2040 

27*20 

Buttermilk 

see 

40 

34 00 

560 

5440 

Total 


• m 9 

146*16 

100 09 

563*40 

Animal origin 

• > * 

• 

58 40 

87*70 1 

9 • 

Less 10% for waste 


• • 

1461 

1000 

56*34 

Balance 

• e* 

••• 

131*55 

90*09 

506*06 

Calories 

• f • 

••• 

5394 

837*8 

2074*8 


Total Calories ... round numbers 3452 


* T*mm ttin mpnrt nf thn rrrliltnrs before the Prrpil I ahnnr r nm ml s etnn 
by MsjcfrGeneral Sr McCarrison. 
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2. Certain races of Northern India.* 



Quantity 
in Ozs. 

In grammes. 

Proteins. 

Fats. 

Carbo- 

hydrates. 

Calories. 

Atta 


12 

46 80 

6-48 

244-2 

1222 


6 

13-10 

0*51 

133-8 

595 


9 9 

2 

PHBBfe E f{i7 1 

3-96 

00 

84 

Milk 


20 


20 40 

27-2 

360 

Vegetable oil 

• •• 

1 



0-0 

252 

Ghee 

• II 

15 


34 60 

0-0 

312 

Root vegetables 

Mt 

8 

SIS 


31-8 

148 

Cabbage 


8 

3-10 

0 24 

10-2 

56 

Mango 

9 

4 

016 

0 88 

20*8 

92 

Dhal 

• •• 

1 


0 99 

16-2 

100 



63-5 

105-50 

9442 

484-2 

3221 

Lea 10$ for waste 

63 

10-50 

9-64 

484 

322 

Total 


57-2 

95-00 

86-78 

435-8 

2899 


APPENDIX C. (continued). 
Examples of badly balanced diets* 
1. The poor Hindu family diet. 



In grammes. 

Quantity 
in Ozs. 

Proteins. 

Fats. 

Carbo- 

hydrates 

Calories* 

Polished noe 


210 

3760 

270 

1 

2373 

Dhal 

• •• 

0-7 

4-50 

0-70 

■BE | 

70 

Black gram 

• •• 

0-7 

400 

0 90 

107 

67 

Vegetable oil 

9 % 

0-1 

000 

280 

0-0 

25 

Vegetables 

• 9 9 

20 

I 10 

piM 

MEM 

36 

Meat or fish 

• •• 

0-06 

040 


a 

2 

Coconut 

99 9 

005 

0-08 


H 

10 



24 61 

47 68 



2583 


waste 

240 

4-76 
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22-21 



520-2 

2325 




' From “Food" by MeCarrisoo, 
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This diet cofftifafe WO little ptcMto, fell of Which it of vegetable 
origin, far too little fat, too much carbohydrate and not enough calories. 
It is dangerously low in all the vitamins, especially A and B and it is 
deficient in salts notably of calcium, phosphorus and iron. The family 
living on this diet were of low vitality, incapable of snstainod hard 
work and prone to bowel complaints. 


2. The well-to-do Hindu family diet. (Sooth India}.* 



0 ■ ■ ■ r . — — , n.i 

In grammes. 

Quantity 
m Ozs. 

Proteins 

Fats. 

Carbo-hy- 

drates. 

Calories. 

Polished rice 

• • 

23-0 

41*2 

3*0 

600*0 

2599 

DM 

••• 

1-2 

7*8 

1*2 

194 

120 

Gifcffl 

• •• 

1-9 

10*8 

2*5 

290 

182 

Vegetable oils 

• •• 

1-2 

0*0 

33*6 

OO 

302 

Ghee 

■ eai 

04 

0*0 

9*2 

OO 

83 

Cords 


9-0 

126 

9-0 

t 

7*2 

162 

Vegetables 


6-0 

2-0 

0-5 

8-6 

48 

Coooanot 

... 

2-0 

3-2 

28-6 

15-8 

•334 

Sugar 

• ee 

1*0 

OO 

0-0 

25*0 

100 

Milk 

• »« 

70 

65 

71 

9*5 

126 



52*7 

84*1 

94*7 

714*5 

4056 

Less 10% for waste 

52 

8-4 

94 

714 

405 



47*5 

75-7 

85*3 

643*1 

3651 


This diet is too poor in annual protein and animal fat, too rich in 
carbohydrates and too high in calories. It should be adjusted by 
reducing the amount of nee eaten, by substituting nnpnliBhoH fa 
palltbed nee and by increasing the amoont of milk, milk-prodocts, 
green leafy vegetables and fruits. 

* 


From "Food” by lisCvrison, 
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APPfiNbft i>. 


Example of aa average Dirt used at the Kadwa P&tidax Vidyarthi- 
Bhuvan, Ahmedabad. 


Food Stuff. 

Quantity 
to Ozs. 

Proteins 
in grams. 

Fats in 
grams. 

Carbohy- 
drates m 
grams. 

Calories. 

Wheat 

• •• 

7-26 

28*33 

3*92 

147*84 

741 03 

Rice 

999 

5-09 

11-52 

(M2 

111-74 

495 99 

Pulse 

999 

3-51 

22 81 

3 47 

56-86 

351*00 

Ghee 

999 

1*14 

0-00 

26 33 


237-12 

Treacle 

• ee 

0-60 

004 

000 


60-80 

Oil 

999 

0 80 

0*00 

2245 

■071 

202-10 

Milk 

• •• 

8 23 

11*11 

17 94 

10 20 

246-90 

Vegetables 

• it 

5-85 

409 

0-23 

47-67 

21 0-60 

Sour Mflk 

• • 

0-20 

170 

0*20 

0-27 

2-04 

Total 

Ml 

32*68 

79*60 

74*96 

389*78 

2547-58 

Animal origin 

• 9 9 


13*00 ! 

44 27 



Less 10% for waste 


7*96 

7*49 

$8*97 

254-75 

Balance 



71*64 

67*47 

350-81 

2292-83 


This diet contains 26% less in total proteins, 50% leas in animal 
proteins, 21% less m total tots, 12% less m carbohydrates and 16% leas 
In calories. (Vide p 249). 


To make it a well-balanced diet more of milk and milk products 
and green leafy vegetables should be taken. 

(The figures given above were kindly supplied to me by my stu- 
dents Messrs. B. H. Patel and P. B. Patel to whom my smoere thanks 
are doe.) 


APPENDIX E. 

Re : Soya bean.* 

The composition of 'Soya flour’ and 'Soya milk’ as compared with 
rice and wheat and milk is as follows 



Soya Flour 

Soya Milk 

Milk 

Wheat 

Rice 

Protein% 

42-0 

5-76 

3-50 

12-2 

8-0 

Fat% 

Carbo- 

20-0 

2-46 

3-50 

1-7 

2-0 

hydratas% 

24-0 

1*40 

5-25 

73-7 

77-0 

Water% 

94) 

•ee 


10-6 

12-0 

Calories 

2-165 

• it 

• •• 

1750 

1720 

Ash 

• IS 

0*84 

0-75 


• •• 


nau m vor vvj Mf 

The ash of soyd bean contains 6*12 per cent of caldera and 28-66 
pet cent, of phosphoric add. 


* ftamslsttwby MsJcc^jeaerdSkMcCsrtia^ 
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APPENDIX P. 

Uses of the Soya-Bean .* 

For very many centuries the cultivation of soya beans, both in 
China and Japan, has been of the greatest importance to those 
countries, where they are pat to a variety of uses : — 

(a) As a foodstuff they are made into — 

1 . Bean sauce or soy, called in Japan “ shoyu " ( whence the 
name “ soya " ) and in China, chiang-yu. It is made by boil- 
ing the beans adding an equal quantity of wheat or barley, and 
leaving the mass to ferment , a layer of salt and three times 
as much water as beans ore afterwards put in, when the liquid 
is pressed and strained. 

2. The Chinese paste chiang — not the same article of diet as the 
Japanese paste miso. It is made by farmers and eaten with 
fish, meat and vegetables, while the more expensive Chinese 
soy is only made by the well-to-do and restaurant keepers, 
and is not consumed by the poor. 

3. Tou-fu, or bean curd, made from green or yellow beans, the 
former giving a better yield by being poorer in quality. 

(b) The beans are also consumed as a table vegetable and in 
soups, and in Japan are used in confectionery. 

(c) The oil is used as a substitute for lard in cooking. But even 
in these places, the centres of its origin, neither the soya bean itself nor 
the meal derived from it, has been used altogether as a staple article of 
food 5 it is the spices prepared from the soya bean which have found so 
extensive a use in these countries, and more especially in Japan, where 
they are eaten almost with every meal 

The flavour of the soya spice is obtained by injecting mildew 
fungus into the par-boiled beans, and leaving them in a moist condition 
at a temperature of from 20° to 25° centigrade, letting them ferment for 
months, even for years, before being used It is then only that the 
savoury soya flavour is fully attained and made to render service as a 
popular article of food never found wanting in a Japanese household. 
Furthermore, many fermented products of the soya beans prepared in 
various ways, have long been consumed in the two countries 
such as 11 miso ", the estimated average consumption of which in Japan 
alone may be stated at 40 grammes per head daily, “ tofu ”, " natto " 
(two different kinds of cheese), as well as the soya milk and soya 
sauce. Of the latter Japan annually produces 700,000,000 litres of 
which every Japan ese consumes on an average litre daily. 

* This note was kindly prepared by MsjorOenenl Sir McCanisan who bed 
advocated as early as 1927 in Us evidence before the Royal Labour Commlulgo 
tbs use of the Soya bean, 
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All these products are obtained by fermentation, thus improving 
their digestibility — which is not always characteristic of legumes — yield- 
ing an important supply of protein so necessary for human diet. The 
soya bean is one of the few seeds containing the three vitamins A, B, 
and D which are indispensable m a staple food consumed by mankind 
and necessary also in food for cattle 

The fat contents vary according to the various methods employed 
in extracting the oil, and are said to average 6 per cent. 

APPENDIX G. 

Uses of the Soya Bean* 

It has been shown (J H Prentice, R. G. Baskett and G. S. 
Robertson ) that the Soya bean plus mineral mixture bring about the 
beneficial effect on growth, maturity, egg production and mortality of 
chicks almost to the same extent as milk. 

The Soya bean is rich in valuable nutritive ingredients tux., pro- 
teins and fat Starch is practically absent. It is also rich m mineral 
matter especially in soluble phosphates and potash. 

It contains the ferment diastase in considerable quantities. It also 
contains uralytic ferment which is an important factor in physiological 
chemistry 

The biological value of the Soya bean protein is very high. It 
contains almost all the important ammo-acids, particularly Glycine and 
tryptophane and lycine. In fact the protein of the Soya bean is very 
similar to that of cow's milk and animal muscles. 

The Soya bean contains lecithin more than any other plant and 
therefore could be used for cure of nervous diseases. The lecithin of 
the Soya bean is, according to Dr. J. Freud, identical with that in 
egg yolk. The Soya bean contains three vitamins A. B. and D. 


The Soya bean crop is extensively grown in China and is used in 
various ways in human nutrition. The young pods are used as green 
vegetables » seeds are used as vegetables Sometimes they are allowed 
to sprout and sprouted grains make an excellent vegetable of high nutri- 
tive value. Their milk supply comes from Soya bean seeds which are 
soaked overnight in water and the juice of soaked seed is then pressed 
out That is their milk, which tastes as cow’s milk, is used for drink- 
ing In tea, for curds, butter milk, cheese etc. 

In the course of human nutrition, especially amongst vegetarian 
India, the Soya bean is expected to play a very important part, if intro- 

* Extract from a letter from the Livestock Expert to Government, Bcaabey 
Presidency, Poona. 
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doped, It can be used in the same way as other pulses, #. g. t as green 
vegetable (green seeds), dal, Bhajis, Sev, Papads and varioos other 
preparations. It can be allowed to sprout Sprouted grains can make 
excellent y^etable. 1 can say that the Soya bean can be singled oat 
as the best pulse so far known* 

The best variety from the feeding point of view is one which 
contains the greatest fat percentage vtz., large yellow mammoth. 

APPENDIX H. 

It Is gratifying to the author of this paper to note that a lecture given by 
him on “Dietetics Food and Race" at Baroda on 7th October 1983, at which 
a State Officer In charge of Food Stuffs presided and in which the lecturer 
emphasised the high nutritive value of Soya bean as a food stuff, recommend- 
ed its extensive use among the people end urged upon the State authorities the 
importance of growing It m their State, has led to the introduction of the Soya 
Bean cultivation in the Baroda territories. His Highness the Gtekwar of 
Baroda performed the ceremony of planting the Soya bean in January 1984. 

That a Soya bean Restaurant was run in the H O H. Fete In Bombay 
where a number of preparations made from Soya bean were served augurs 
well for the future of this Important food stuff 

APPENDIX L 

The progre ss made during the last few years In elucidating the composi- 
tion and constitution of the three vitamlns-A.-C and^D and the mastering of 
the technique employed in their commercial preparation is moat remarkable. 

The isolation of one full pound of pure crystalline ascorbic acid by Ssent- 
Grirgi from Hungarian capsicum (cayenne pepper), its Identification with 
vftatmn-C, die elucidation of Its constitution by the Haworth school and Its 
synthesis by Haworth and Hirst (4th August 1933) read like a fairy tale. 

Vitamin D la now commercially manufactured and costs one-eighth Its 
price in cod liver oil This vitamin is most powerful in Its activity — one part 
m two thousa n d millions exerts a recognisable effect on rat. 

Unlike vltamins-C and-D, vltamin-A has not yet been prepared quite pure 
and In crystalline form. 

The table* given below gives the composition of the three vitamina-A,-C 
and-D, their cbemlcsl nature, their daily human requirements, their physiologi- 
cal activity and the nature of their effect 


Compound. 

DaBy human 
requirement 

Dilution which gives 
detectable physiologi- 
cal effects. 

Nature of effect 

Vttamin-A 

(CbHmO) 

and 

Carotene 
(Cat Hm 0) 

0875 mgm. 

1.400 mgm. 

1 in 64x10* 

1 In 32x10* 

Growth "antl-lnfec- 
tire. Maintenance of 
normal etructiueend 
function of mneona 

VitaaJo-C 
( Aeoorbk acid ) 
(C*H«Oi). 

s 

40 mgm. 
to 

80 mgm 

i 

1 InUxlO* 

pH 

Vltamln-D 

(Calciferol) 

0.25 mgm 

H 

ipl 


* “ Bio c h e mi stry and the Manufacture of Fine Chemicals* by F. H. Carr. 
EJ.S'CL >]M-34) page 113.] 
















IMPORTANCE OF DIALYSIS IN THE 
STUDY OF COLLOIDS. 

By 

B. N. DBSA1 
Wilson CoUtge. 

Dialysis has been utilised since the tune of Graham for freeing a 
colloidal solution from the imparities necessarily introduced into it at 
the tune of its preparation, vis., the peptising agent and the other 
electrolytes formed as a result of double decompo si tion. The impor- 
tance of the influence of dialysis on the various properties of colloidal 
solutions has, however, not been generally realised by colloid chemists. 
In what follows (l) a summary of the results obtained in our laboratory 
on the variation of the different properties of some colloidal solutions 
on dialysing them to different extents is presented and (2) the views 
expressed in previous papers are considered from the point of view of 
changes in charge as observed by measuring the catapboretic speed of 
colloidal solutions under varying conditions. 

( a) Ktnehca of coagulation. 

2. According to Smoluchowskl the rate of coagulation of a colloid 
in the sensitive range of electrolyte concentration is a simple reaction 
and the equation for rapid coagulation has the form 

g- JL l— 

Ki>o 4-r Dn> 0 

where 0 is the specific coagulation time, K the velocity constant, v$ 
the number of particles at the beginning, r the radius of the sphere of 
attraction round each discharged particle and D the diffusion coefficient 
He has distinguished slow coagulation from the rapid by the fact that 
in the former case all the encounters between the an not 

effective, but only a proportion which depends upon electrolyte concen- 
tration. Thus the expression for slow coagulation according to him 
will be 

&l m -i— m 

Ki«o 8 r Drvtx 

where x is the fraction by which K, the velocity constant for rapid 
coagulation, must be multiplied. If this theory is correct, one shook] 
be able to pass from a coagu l a ti on velocity curve of rapid coagulation to 
one of alow coagulation at a lower electrolyte concentration fay multi- 
pJjMg the tfcne * fay a certain numerical factor, *. the qap* of 
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coagulation velocity must be related to one another. Several workers 
have found that the view of v. Smoluchowski is correct (for references 
see Desai, Trans. Faraday Soc., 24, 181, 1928; Patel and Desai, 
t bid., 26, 128, 1930; Desai, Kolloidchem. Beih., 26, 357, 1928). 

3. It has however been shown by other investigators ( for refer- 
ences see papers of Desai quoted in Para. 2 ) that the rate of coagula- 
tion of a colloid over the sensitive range of electrolyte concentration is 
not a simple reaction as postulated by v. Smoluchowski and that the 
rate of slow coagulation has an auto-catalytic character and the react- 
ion velocity can be represented by an equation of the form 

K ( 1+6*) (1-*) 

at 

where K and b are constants and x the amount of change in time t. 

4. The widespread opinion, first put forward by Hardy ( Proc. 
Roy. Soc., 66 , 110 , 1900 ) that coagulation begins only when colloidal 
particles are completely discharged and the iso-electnc point is reach- 
ed, has been found to be erroneous by Powis ( Zeit, f. physik. Chemie, 
89 , 186 , 1915 ) According to him coagulation begins as soon as the 
electro-kinetic potential or the electric charge falls below a certain ab- 
solute value. This value of the electro-kinetic potential, at which 
coagulation first begins, has been termed by Freundlich the "first 
critical potential " and is said to have the same characteristic value 
for any particular sol when coagulated with salts having coagulating 
ions of different valencies The experiments of Burton ( Phil. Mag., 
17, 583, 1909 ), Kruyt Roodvoets and van der Willigen ( Fourth 
Colloid Symposium, 1926 , pp. 304 310 ) and Kruyt and van der 
Willigen ( Z. phyaikal Chem, 130 , 170 , 1927 ) have shown that their 
results also support Powis' theory of critical potential 

5. Freundlich ( Colloid and Capillary Chemistry Eng. Transla- 
tion — 1926 , pp. 431-447 ) has utilised the existence of the first critical 
potential to explain the phenomenon of slow coagulation According to 
him slow coagulation begins when the first critical potential value is 
reached The slow coagulation passes into rapid coagulation when the 
value of the potential difference becomes zero or the iso-electnc point 
is reached ( Freondlich’s second critical potential ). In the region of 
slow coagulation as the particles are still charged, only those collisions 
are successful in bringing about coalescence in which the velocity of 
the particles exceeds a certain value. After the iso-electnc point is 
reached all the collisions will be successful although the velocity with 
which the particles move might be very small m some cases, because 
there will be no repulsive forces between the particles. 

6. Recently Mukherjee and co-workers ( J. Indian Chem. Soc* 4 
493, 1927; 5,697, 1928; Nature, 122, 960, 1928; Special Number of 
the Journal of the Indian Chemical Soc., 1933, p. 201 ) have expressed 
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doabti about the existence of cntical potential characteristic of 
coagulation of a colloid by electrolytes. It should be stated that their 
conclusion is based on results most of which have been taken with 
mixtures of electrolytes and non-electrolytes as well as with electroly- 
tes containing organic anions and much credence cannot be given to their 
conclusions. The charge on colloidal particles of a sol can be varied by 
changing the amount of the peptising agent in the sol. In our labora- 
tory we have prepared colloidal solutions of feme hydroxide and 
thorium hydroxide having different initial charge on the particles by 
dialysing the sols to different extents and studied coagulation in the 
preeenoe of HC1, HjSO^KCI, K,S0 4l MgCli and MgSO*. Details of 
these measurements will be published in due course (BN. Desai and 
S. K. Borkar on Feme Hydroxide and B N. Desai and A. K. Desai 
on Thorium Hydroxide ) In the case of colloidal ferric hydroxide, the 
sol begins to coagulate in all the cases when the cataphoretic speed of 
colloidal particles is reduced to 25-29 although the two samples of the 
sol tried had different initial cataphoretic speeds— 38 and 54. Similar- 
ly the two samples of thorium hydroxide sol having initial cataphoretic 
speed of 33 and 25 begin to coagulate when the cataphoretic speed of 
the particles is reduced to 19-21 in the former and 16-17 in the latter 
case. Differences in the value of the cntical charge in individual cases 
can be easily understood if the preferential adsorption ( the word pre- 
ferential indicating that the ion is adsorbed in the inner sheet of the 
double layer ) of similarly charged ions is considered as suggested by 
Desai ( J. Bombay University, 1, Part II, 25, 1932). The idea of 
cntical potential is thus completely supported by our measurements. 

It should be pointed out here that generally it is observed that the 
value of the cataphoretic speed at which coagulation begins ib some- 
what higher in those cases where there is a marked preferential adsorp- 
tion of the similarly charged ions. Why this is so is not quite dear. 
Some experiments are being undertaken for getting a dear idea of 
this point. 

7 In our papers referred to in para. 2 it has been shown that in 
the case of colloidal thorinm hydroxide the appearance of the S-ahaped 
coagulation velocity (C. V.) curves or demonstration of the auto- 
catalytic nature of the coagulation process depends on 

(i) the suitability of the method employed m following the course 
coagulation, 

(u) the concentration of the coagulator, 

(ill) the purity of the sol (this can be changed by dialysing the sol), 
and 

(Iv) the concentration of the disperse phase. The causes which 
{night be responsible for the non-observance of auto-catalysis dig ty 
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factor (0 ( suitability of method ) have bean dl e t u ae a d in detail in onr 
paper* 

(ii) Conce n tration of the coagulator. — As stated in pan. 5 dow 
co agulation begins when the charge is lowered to die critics! value 
(first critical potential) and the slow coagulation passes into rapid 
coagulation when the iso-electnc point (second critical potential) is 
reached. In the case of concentrated electrolytes the time required to 
pass from the first critical potential to the second will be very smell 
( in seconds ) and therefore with the limitations of the present methods 
of following the course of coagulation, it will be very difficult to get the 
S- shape of the C. V. curves. This however will not be the case with 
dilute electrolytes where the potential difference decreases slowly and 
the region of slow coagulation extends over some minutes ( cf. Powis, 
loc. clt ), and hence the appearance of the S- shaped C. V. curves. It 
should however be stated that the C. V. carves are not found to be 
S-shaped even with dilute electrolytes having multivalent wwfliiUHng 
ions. We have observed that the amount of bivalent coagulating 
ion required to lower the charge to the critical value is much less than 
that of univalent coagulating ion. This is due to greater preferential 
adsorption of the former ions. As a result even with dilute electrolytes 
containing multivalent coagulating ions if the potential of the double 
layer is lowered at all, the rate of its lowering will be great in the 
beginning and hence the rate of coalescence also will be large. At very 
great dilations, the coagulation will not proceed far as there is not 
sufficient elec troy to left to lower the potential difference any further. 
The coagulation will therefore be partial in these cases. In fact 
cataphoretic experiments showed that in such cases a greater amount 
of uncoagulated sol was still left in the mixture. In those cases where 
there is complete coagulation i. «., with somewhat concentrated electro* 
lytes having multivalent coagulating ions, the time required to pass 
from the critical value to the isoelectric point will be very small 
( in seconds ) and therefore it will be impossible to observe the slow 
coagulation phenomenon as in the case of concentrated electrolytes hav- 
ing univalent coagulating ions. 

(ui) Purity of the sol. — In explaining the effect of this factor it 
was assumed by us (Patel and Desai, loc. at.) as done by other 
workers that the charge on the colloidal particles in the case of thorium 
hydroxide also decreases continuously with the progre s s of dialysis. It 
was argued that as the initial slow coagulation refers only to the 
process which takes place between the region of the first and second 
critical potentials, if by any means the time required to pass from the 
first to the second critical potential is made appreciably small or negli- 
gible, the initial and less steep portion of the C. V. corvee wffl also 
disappear. Continuous lowering of charge with the pr ogt es e of dialjr- 
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(is Will help to achieve this purpose and hence for very ptirto toll tin 
. GV. cttrves wiH not to S* shaped. Even With a dilute electrolyte 
concentration in the ease of very pore sols, the C. V. corves w&l not 
bb S-ahaped because the value of the charge being very near the iso- 
electric point, the time required for coagulation will be very small. 
Actual measurements of charge in the case of this sol have 
however shown that with the progress of dialysis the cataphoretic 
speed first increases, reaches a maximum value and then decreases 
continuously (Desai, Current Science, 1, 38. 1932 ; 1, 125, 1932 ; also 
paper by B. N. Desai and A. K. Desai, loc. dt). The above line of 
argument therefore cannot be applied to the period of dialysis when 
the cataphoretic speed continuously increases with the progress of 
dialysis, as the charge on the colloidal particles will be removed further 
and further away from the first or the second critical charge. The 
C. V. curves were found to be S-shaped in the case of sola dialysed 
for about eight days while for sola dialysed for longer 'periods (about 14 
days) no S-shaped C. V. curves could be obtained (Patel and Desai, 
loc. dt.). As found in the later investigation (B. N. Desai and A. K. 
Desai, loc. at) the cataphoretic speed increases with the p rogress of 
dialysis up to a period of only about 5 days (the rate of dialysis being 
almost the same in the two cases) and therefore the cataphoretic speed 
being regularly decreasing with progress of dialysis after eight days, 
the previous arguments used for explaining the non-observance of 
S-shaped C. V. curves for sols dialysed for long periods ( very pare 
sols ) still hold good. 

(iv) Concentration of the disperse phase. — It was observed by 
us (Patel and Desai, loc. cit.) that when thorium hydroxide sol is coar 
gala ted by an electrolyte of the same concentration throughout, the 
tendency of the C V carves to be S-shaped becomes less and less with 
an increase in the dilution of the soL This was explained by assum- 
ing that in the case of a dilute sol a particular amount of electrolyte 
will bring down the charge on the particles more nearly to the critical 
point or the iso-electnc point than in the case of a concentrated aoL 
This will mean that the time required to reach the iso-electnc point 
after adding the electrolyte to the sol will be less with a dilute sol than 
with a concentrated soL With the progress of dialysis as the charge on the 
particles is brought nearer and nearer to the iso-electnc point, the tune 
required for coagulation will be so small with the dilute sol when compar- 
ed with the concentrated one— the same amount of electrolyte ha vugf 
been added u both the cases— that the C V. curves may not to S-shap- 
ed at alL This effect will be more marked in the case of a sol dialysed 
for longer periods than one dialysed for shorter periods. Now as stated 
before the charge on colloidal particles of thorium hydroxide lnrrfnnn 
to tto initial stages of dialysis and therefore the ideas modified under 
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{actor (m) in the preceding sub- para, should only be applied. Also oar 
later measurements (B. N. Deasi and A. K. Desai, loc. dt) have shown 
that for samples of this sol dialysed for periods shorter flun what 
corresponds to the maximum in the catapharetic speed dialysis curve* 
on diluting the sol, the cataphoretic speed first increases, reaches a 
' maximum value and then decreases , on the other hand, for ads dialysed 
for longer periods, on diluting the sol, the cataphoretic speed continu- 
ously decreases. In view of the evidence of the charge measurements, 
the previous explanations do not hold good only for those caaaa in 
which the cataphoretic speed increases upto a certain dilution. There 
is however one additional factor which has not been hitherto considered 
in explaining this influence, namely, the effect of concentration of the 
disperse phase on the size of the particles. Desai (in paper referred 
to in para. 2) has shown that the auto-catalytic nature of the coagulation 
process and the S-shaped C. V. curves may not be observed at all 
with dilute sols. These can best be observed in fairly concentrated 
sols which contain a considerably larger number of particles because 
sufficiently large multiple particles can be formed in them. It is 
considered that this factor will have a considerable effect on the 
nature of the C. V. carves. 

8. In a recent paper S S. Joshi and V L. Narayan ( Special 
Number of the Journal of the Indian Chemical Soc., 1933, p. 41 ) have 
studied in detail the influence of wall area in the coagulation of colloi- 
dal solutions of MnOj, Sb*S» and positively charged FetO*. They have 
observed that the rate of coagulation is markedly increased in all cases 
when the wall area of the coagulating system is increased by introduc- 
ing glass beads. They also find that when the same number of beads 
and the containing wails are paraffined the coagulation is sensibly re- 
tarded m all cases. In the light of their results they consider unlikely 
that the increase in the rate of coagulation, under wall effect alone, can 
convert a ’slow’ into a ‘rapid’ coagulation. They conclude that auto- 
catalysis cannot be considered as a general characteristic of coagulation 
as has been supposed by some workers, but that it is a secondary 
process which adds to the mam course of coagulation under certain 
conditions. 

Now as shown by electr osmotic, cataphoretic and stream-potenti- 
als measurements, the wall-layer of glass m contact with water 
becomes negatively charged. The nature of this charge will be m o dified 
considerably in the presence of electrolytes as well as v when the glass 
surface is paraffined. It is therefore certain that the glass surface will 
help or retard the coagulation according to the nature of charge on it 
and on the colloidal particles. Moreover glass walls themselves, 
whether paraffined or not and whether charged or uncharged, will act 
gs centres for coalescence. |n vqw of t^cee egqsideratnpg i{ if a# 
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justifiable to say that the results of Joshi and Narayan (loc. dt) 
support the conclusion that the nature of coagulation process is not 
intrinsically auto-catalytic. 

On the other hand, their results can well be utilised to show that 
the nature of coagulation process is auto-catalytic. For as shown by 
them the walls of the containing vessel (unparaffined) make the S-shape 
of the C. V. curves less marked and it is quite likely that the non- 
observance of auto- catalysis by some workers might be to a certain 
extent due to this effect. 

9. In the light of the foregoing evidence it can be stated that as yet 
no investigator has succeeded in showing that the nature of the coagula- 
tion process is not intrinsically auto- catalytic. Failure to observe the 
S-shape of the C. V. curves and the auto- catalytic nature of the coagu- 
lation process can be due to several factors which have been considered 
m this section and which as shown will considerably modify the nature 
of the C. V curves and of coagulation. Also as shown m this section 
the idea of critical potential is completely supported ; if any deviations 
occur they can be explained by taking the mlluence of the similarly 
charged ions into consideration. 

{b) Applicability of Schulte-Hardy law. 

10. It has been shown by Desai ( Kolloidchem. Beihefte, 26, 
384, 1928 ) that in the case of colloidal thorium hydroxide containing 
appreciable amounts of HC1, the C. V curves for equivalent concen- 
trations of different electrolytes having the same coagulating ion 
( univalent ) are not identical and that the C. V. is not the same in 
different cases. This is in contradiction to the requirements of the 
Schulze- Hardy law according to which the time required for the angu- 
lation of a sol by electrolytes having the same oppositely charged km 
is independent of the nature of that ion of the coagulator which carries 
the same charge as the colloidal particles. It has been expressed by 
several investigators ( references are given m the above paper of Desai 
on p 394 ) that unless and until the influence of the similarly charged 
ion is taken into consideration, no theory will be adequate enough to 
explain the results of coagulation of sols by electrolytes. In the case 
of multivalent coagulating ions the influence of the similarly /Aer gwd 
ion being negligible, the Schulze-Hardy law is obeyed. It has also 
been shown by Desai ( loc. eit. ) that the applicability of the Schulze- 
Hardy law increases with the progress of dialysis. This has been 
explained by assuming that with the progress of dialysis the preferential 
adsorption of the similarly charged ions decreases. 

11. The measurements of cataphoretic s pee d of enlinMat aolu- 
tkms of fame hydroxide ( Desai and Borkar, loc. cat. ) and of thorium 
hydroxide (B. N. Desai, and A. K. Desai, loc. at) in the prssnnns 
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of varying amounts of electrolytes have shown that preferential ad- 
sorption of similarly charged tons takes place in the presence of email 
amounts of electrolytes containing monovalent coagulating km, while 
with bivalent coagulating ion no preferential adsorption of similarly 
charged ions is allowed to take place. It has also been observed that 
the amounts of different electrolytes necessary to lower the value of 
the charge to the critical value axe not the same. The earlier con- 
clusions are thus supported by the evidence of charge measurements 
in these respects The charge measurements, however, show that the 
preferential adsorption of similarly charged ions does not appreciably 
decrease with the progress of dialysis i. e., with an increase in the 
purity of the soL Therefore the explanation advanced m the previous 
paragraph about applicability of the Schulze-Hardy law with the 
progress of dialysis requires modification. In the case of thorium 
hydroxide the deviations from the Schulze-Hardy law only disappear 
after a period of dialysis of 10 days or so. During this period of 
dialysis the charge on the colloidal particles will be brought nearer 
and nearer to the iso-electnc point ( the maximum cataphoretic speed 
liaving occurred at a period of dialysis of 5 days or so ) and thus 
as shown in section (a), coagulation tends to be rapid in all the cases 
(disappearance of S-shaped nature of the C V curves). Under 
the circumstances it is quite likely that although different similarly 
charged ions may be preferentially adsorbed to different extents in the 
beginning, this may not affect the nature of the C. V. curves to any 
appreciable extent 

12. In view of the evidence of charge measurements it is also 
conside r ed that the mechanism of coagulation as pictured by Weiser 
( J. Phys. Chem., 28, 23 2. 1924, 29, 955, 1925) and Dhar (ibid., 28, 
457, 1924) for explaining the preferential adsorption of similarly 
charged ions is difficult to understand. For, the preferential adsorption 
of the similarly charged ions is noticed only in the presence of small 
amounts of electrolytes and at these concentrations the colloidal solu- 
tions do not show at all any tendency for coagulation. 

( o) Relation between charge and stability. 

13. Numerous papers have been published by investigators in 
Colloid Chemistry on the stability of various colloidal solutions in the 
presence of electrolytes — greater floculation value (F. V.) greater stabi- 
lity and smaller F. V. smaller stability. These investigations have 
been nude with colloidal solutions which have been purified to certain 
extent by dialysis. The decrease in the F. V. with the progre s s of 
dialysis has been explained generally by tosnming that with the pro. 
grass of dialysis, the charge on the oolloidal particles opntumpnaiy 
decr ea ses . We have measured cataphoretic quad and stability 
ipoeoualy of c o lloidal sol u t i ons. of gold, ferric hydroxide and ttgjbg 
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hydroxide with the progress erf dialysis. The foUowing results have 
been obtained ( for details refer to papers by Desai, Nabar and Barve, 
J. Indian Chem. Soc., 9, 463, 1932 , Desai and Borkar, loc. at. 
B. N. Desai, loc. cit ) * — 

• (t) In the case of colloidal gold, with the progress of dialysis 

both cataphoretic speed and stability as determined by F. V. increase 
in the beginning, reach a maximum value and begin to decrease simul- 
taneously thereafter. 

(it) The cataphoretic speed of colloidal particles of feme and 
thorium hydroxide, first increases, reaches a maximum value and then 
decreases on subjecting the sols to dialysis ; the F. V., on the other 
hand, continuously decreases with the progress of dialysis in both the 
cases. 

14. The above results show that although there 19 a direct rela- 
tion between charge and stability in the case of colloidal gold, the same 
is not found to be the case with colloidal ferric and thorium hydroxide. 
In the latter case such relation is only found to exist for the period of 
dialysis when both cataphoretic speed and F V. decrease regularly- 
The reasons for a regular decrease in the F V. with the progress of 
dialysis, in 9pite of first an increase and then a decrease in the cata- 
phoretic speed, have also been advanced by us. In both the cases — 
ferric a9 well as thorium hydroxide — an increase in the preferential 
adsorption of the stabilising ions m the presence of KC1 ( electrolyte 
added for F. V. determinations ) as well as a change in the Bize of the 
particles during dialysis have been found to be very significant from 
the point of view of stability. In the case of feme hydroxide the 
changes in the hydration of colloidal particles m the initial stage of 
dialysis are also partly responsible for the abnormal behaviour. 

15. It has been observed by U9 that on adding small increasix# 
amounts of KOH m the case of gold sol, of HC1 and FeCl* m the 
case of feme hydroxide sol and of HC1 in the case of thorium hydro- 
xide sol, the cataphoretic speed first increases and then decreases or 
that there is a maximum m the cataphoretic speed (C. S.) — concentra- 
tion (C) curve. The initial increase in the cataphoretic speed is due to 
a preferential adsorption of the similarly charged ions. All these sola 
initially contain an amount of the stabilising electrolyte which is 
appreciably more than what correspondns to the maximnm m the CS. — 
C curve for that electrolyte. With the progress of dialysis, the 
amount of the stabilising agent continuously decreases. The process 
of dialysis can therefore be considered as a reverse of the process of 
adding small increasing amounts of the peptising electrolyte to the 
colloid in so far as the removal of the peptising electrolyte is concern* 
ed ; one should thus expect that with the progress of dialysis the 
cataphoretic speed will first increase and then decrease. Thus a cot- 

B 
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bidal solution when subjected to dialysis will show (a) first on Increase 
and then a decrease or (6) a continuous decrease of the catapboretlc 
speed according as it initially contains an amount of the peptislng agent 
(a) more than or (6) equal to or less than what c o r re sponds to the 
maximum in the C.S.— C curve with that electrolyte. Other sols are 
being investigated from thi9 point of view. 

16 From the foregoing it will appear that it is not safe to draw 
conclusions about changes in charge from the stability determinations 
as has hitheito been the practice, for although this may serve a useful 
criterion in some cases it may not do so in others 

(d) Changes in cataphoretic speed and stability of colloidal 
solutions of feme and thorium hydroxide dialysed and 
diluted to different extents 

17. We have observed (Desai and Borkar, loc. at.; B. N. 
Desai and A. K. Desai, loc. at ) that (i) for samples of sol dialysed 
for periods shorter than what corresponds to the maximum in the C. 
S. — D ( dialysis ) curve, on diluting the sol, the cataphoretic speed of 
colloidal particles first increases, reaches a maximum value and then 
decreases and (u) for samples of sol dialysed for longer periods, the 
cataphoretic speed regularly decreases on dilution of both the sols. 

18. Both on diluting and dialysing the sol the amount erf the 
peptising electrolyte decreases The processes of dilution and dialysis 
can therefore be considered similar in this respect. Now as shown in 
section (c), if a colloidal solution initially contains an amount of the 
peptising electrolyte more than what corresponds to the maximum in 
the C, S. — C curve the cataphoretic speed first increases and then 
decreases on dialysis. The samples of the sol dialysed for periods 
shorter than what correspond to maximum in the C S — D curve 
do contain an amount of the peptising electrolyte which will be 
more than what corresponds to the maximum in the C S.— C curve and 
therefore the processes of dilution and dialysis being similar, the 
cataphoretic speed should first increase and then decrease on dilution 
of the sol Sols dialysed for longer periods than what corresponds 
to the maximum m the C S — D curve should show on diluting, *a 
continuous decrease in the cataphoretic speed a9 they contain an 
amount of the peptising electrolyte less than what corresponds to the 
maximum in the C. S. — C curve , for such samples the cataphoretic 
speed also regularly decreases on dialysis. 

19. If the analogy between processes of dialysis and dilution 
given in the preceding paragraph is correct, one should expect that the 
maximum in the C.S.— DU ( dilution ) curve should occur at lower 
dilutions in the case of sols dialysed for longer periods than those 
dialysed for shorter periods. This has actually been found to be tb# 
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cast (Dead and Borkar, loc. cit. and B. N. Dead and A. K. Deeai* 
ba dt). In what respects dialysis and dilation cannot be considered 
similar has don been discussed by Dead m the above papers. It is 
however considered that changes in catapboretic speed on dialysis and 
dilation are mostly due to changes in the concentration of the peptuung 
electrolyte. Different sols are being investigated to see how far observa- 
tions ( 1 ) and (u) given in para. 17 are also noticed in them m order to 
find out if this behaviour is a general property of colloidal solutions. 

20. On diluting the sol the stability as determined by the F.V 
with KC1 decreases regularly for both ferric and thorium hydroxide 
sols. As shown in para. 16 there does not appear a direct relation 
between charge and stability m all the cases , for, as stated above, the 
"changes In the cataphoretic speed on dilution are not the same for sols 
dialysed for different periods. 

21. Dbar ( for references see Desai, Kolloidchem. Beihefte, 26, 
385, 1928) has divided colloidal solutions into two divisions according 
as they show normal or abnormal behaviour to the dilution rule, vtz H 
the greater the concentration of a colloid the greater the amount of an 
electrolyte necessary for coagulation. According to Dhar, only those 
sob show an abnormal behaviour to dilution rule which show appreci- 
able preferential absorption of similarly charged ions from the solution. 
Desai (above quoted paper) has however shown that colloidal thorium 
hydroxide can be made to show either normal or abnormal behaviour 
to dilution rule by varying the purity of the sol ( by subjecting the sol 
to dialysis ), and that it is erroneous to divide the colloidal solutions 
into two classes as done by Dhar. We have also observed that both 
colloidal ferric and thorium hydroxide show appreciable preferential 
adsorption of K ion in the presence of KC1 ( Desai and Borkar, loc. 
at , B. N. Desai, and A. K. Desai, loc cit ), and that both these sols 
show normal behaviour to dilution rule when they are coagulated with 
KCL Thus Dhar’s explanation about abnormal behaviour to dilution 
role also does not seem to be correct 

22. In explaining the abnormal behaviour to the dilution rule, it 
has also been stated that a dilute sol adsorbs proportionally more of the 
similarly charged ion than the concentrated one Oar preliminary 
results ( Desai and Barve, Nature, 128, 907, 1931 ) have shown that 
on the addition of small increasing amounts of KC1 and MgCl,, the 
cataphoretic speed first increases and then decreases, the initial increase 
being greater with the concentrated sol than with the dilate sol. It was 
also observed that the maximum value of cataphoretic speed occurs at 
a lower concentration of the electrolyte in the case of dilate sal 

the concentrated one. These results thus do not support the conclusion 
that there being greater adsorption of the similarly charged km fa a 
4 ttSfa id than a concentrated one, the charge will be greater fa fat 
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former case and hence a greater amount of electrolyte will be requ ir ed 
for coagulation* Also the explanation for disappearance of abnormality 
to the dilation rale, as in the case of the Schulze-Hardy law, with the 
progress of dialysis should be modified as indicated in para* 11* It 
appears that increase in distance between colloidal particles on dilution, 
might have considerable influence on the coagulation and make the sol 
show an abnormal behaviour as regards stability (cf. Desai, Kolloidchem. 
Beihefte, 26, pp. 400-401, 1928). 

(e) Relation between charge and viscosity, 

23. There are two different views at present about relation 
between charge and viscosity According to v. Smoluchowaki (for 
references on this subject see papers by Desai and Borkar, loc. at ; 
B.N. Desai and A K. Desai, loc. cit. ) the movement of electrically 
charged particles of a sol causes the development of an electric field, 
which hinders the flow of the sol resulting in on increase of its viscosity. 
This conclusion was found to be supported by Smoluchowski's measure- 
ments which showed that a sol containing particles of greater electric 
charge was more viscous than a sample containing particles of feeble 
electric charge. On the other hand, Dhar and co-workers from their 
measurements with a number of sols have tried to show that the view 
of Smoluchow9ki is untenable. According to them, other things being 
identical, a decrease in the electric charge on colloidal particles causes 
an increase in hydration and necessarily in the viscosity of the sol. It 
should however be stated that Dhar's conclusions about changes in 
charge are based on F.V determinations and this is certainly not 
correct m view of what has been said in the foregoing sections about 
relation between charge and stability as determined by F.V. 

24. We have made simultaneous measurements of charge and 
viscosity of colloidal solutions of ferric and thorium hydroxide dialysed 
to different extents and of different concentrations and in the presence 
of varying amounts of electrolytes. In the case of colloidal ferric 
hydroxide we have observed ( Desai and Borkar, loc. at ) that 

(0 With the progress of dialysis, cataphoretic speed first increases 
and then decreases, while viscosity first decreases and then increases. 
The maximum in the C.S. — D curve and the minimum in the V 
( viscosity ) — D curve however do not occur at the same stage of 
dialysis. 

(u) On adding small increasing amounts of electrolytes with uni- 
valent coagulating ion, cataphoretic speed first increases and tV n 
decreases, while viscosity first decreases and then increases. Tbs 
maximum in the C.S. — C curve and the minimum in the V — C curve do 
not however occur at the same concentration of the electrolyte. 

(ui) With highly concentrated sols of FepO| the initial decrease 
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ia viscosity with the p rogre ss of dialysis is not noticed at all ( Desai, 
Special Number of the Journ. Indian Chsm. Soc p. 37, 1933 ). 

In the case of colloidal thorium hydroxide we have observed 
( B.N. Desai and A.K. Desai, loc. cit. ) that 

(0 With the progress of dialysis, cataphoretic speed first in- 
creases and then decreases, while viscosity continuously increases — the 
increase being more marked in the later stages of dialysis. 

(li) On diluting the sol cataphoretic speed first increases and 
then decreases for samples which have been dialysed for periods shorter 
than what corresponds to the maximum in the C.S. — D curve and it 
continuously decreases on dilution for samples which have been 
dialysed for longer periods. Viscosity, on the other hand, continuously 
decreases on dilution in all the cases although the samples of sol were 
dialysed to different extents. Also the percentage increase of viscosity 
on dialysis is greater in the case of concentrated sols than dilute sols. 

(ui) For all the samples of the sol, whether dialysed for short or 
long periods, cataphoretic speed first increases and then decreases on 
the addition of small increasing amounts of electrolytes having uni- 
valent coagulating ion, the initial increase in cataphoretic speed being 
not noticeable with electrolytes having bivalent coagulating ion. Vis- 
cosity, on the other hand, increases continuously with all the elec- 
trolytes for samples of the sol which have been dialysed for periods 
shorter than what corresponds to the maximum in the C S. — D curve, 
while for samples dialysed for longer periods the viscosity first decrea- 
ses and then increases on adding small increasing amounts of electro- 
lytes to the sol. 

25. It will appear from the above results that neither the view 
of Dhar nor of v. Smoluchowski can alone explain the changes in 
charge and viscosity of colloidal ferric and thorium hydroxide under 
different conditions — with the progress of dialysis, with a change in 
dilution and when small increasing amounts of different electrolytes are 
added. As pointed oat in oar papers one has to consider the effect 
of various factors, which are given below, in explaining these changes 
in charge and viscosity. 

(0 Changes in the concentration of disperse phase. — The viscosity 
of the sol will generally decrease with a decrease in the concentration 
of the disperse phase. 

(u) Electro- viscous effect — The visoosity of the sol will increase 
with an increase in the cataphoretic speed of particles and 

decrease when the cataphoretic speed decreases. 

(Ui) Changes in hydration of colloidal particles. - — With an 
increase in hydration of the colloidal particles (this tendency is most 
pronounced with the progress of dialysis when the sol shows a tendency 
tp set to gel) the viscosity will also increase, there being an increase in 
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the effective volume of the particles. On dilating the eol f the hydration 
of colloidal particles may increase and the viscosity may also increase 
doe to an increase in the effective volume of the particles. 

(iv) Variation in the shape and structure of particles. — As for 
the variation of the shape of the particles little is known. How- 
ever the structure of the particles is sure to vary both during 
dialysis and dilution. During dialysis, there is a tendency for the 
particles to aggregate as during coalescence and thus increase their 
effective volume and the viscosity. On the other hand, on dilution 
the larger aggregates may break up into smaller ones and thus 
decrease the effective volume of the particles as well as viscosity. 

(v) Changes in the concentration of the electrolyte. — The visa> 
sity will increase regularly with an increase m the concentration of the 
electrolyte present m the sol except with those electrolytes which show 
a negative viscosity within a particular range of concentration. 

26. In a pievious paper Desai (Kolloidchem. Beihefte, 26, 422, 
1928) has explained changes m viscosity on dialysis and ageing by 
assuming that as with the progress of dialysis and on ageing, the sol 
becomes unstable, the charge decreases and therefore viscosity increases. 
In view of what has been said m previous sections it is not right to 
draw conclusions about changes in charge from stability determinations 
and therefore the above explanation may have to be considerably 
modified The influence of all the factors mentioned m the previous 
para, should be taken into account As the ceric hydroxide sol initi- 
ally contains quite a large amount of the peptising electrolyte it is 
likely that on dialysing, the charge on colloidal particles may first 
increase and then decrease as in the case of feme hydroxide and 
thorium hydroxide sols The changes in the various properties of collo- 
idal particles of ceric hydroxide under different conditions are being 
investigated. 

27. In a recent paper Ghosh and Banerji, (Bui. Acad. Scl U. 
P., 2, 135, 1933) have given some measurements of viscosity of 
colloidal feme phosphate dialysed and diluted to different extents, the 
flow of the liquid being caused under varying pressure. They have 
stated that if measurements of rates of flow of a colloid be undertaken 
at fairly high pressures, the change in the viscosity of colloids with the 
progress of dialysis will be either nil or insignificant. According to 
them hydration has to be assumed to be very labile. Our results of 
study (Desai, loc. cit ) erf the ceric hydroxide sol and gel also seem to 
support the conclusion about labile nature of hydration. Ghosh and 
Banerji however believe that colloidal solutions show a high viscosity 
due to an orientation of the particles rather than due to high hydration 
of the disperse phase. According to them the tendency to orientation 
increases as the ploctnc charge on the colloid particles is decreased 4(4 
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as, daring dialysis, the electric charge on colloidal particles continuously 
decreases the viscosity will increase. It should be pointed out here 
that their conclusion about changes in charge daring dialysis is based 
on coagulation experiments as they themselves state. This is not 
justified in view of what has been stated in previous sections about 
changes m charge during dialysis In fact the ferric phosphate sol 
which they have need initially contained a considerable amount of the 
peptismg agent and therefore the charge on colloidal particles during 
dialysis will first increase and then decrease instead of continuously 
decreasing as shown by stability determinations. Our examination 
of ceric hydroxide gel under ultra-microscope (Desai, loc. cit. ) has 
revealed no tendency for a definite orientation of the particles in that 
gel. Our gel contained more than 2000 mols of water per one mol of 
CeOs (the amount of water depending on temperature of gel formation) 
and it is considered that a considerable increase in viscosity during 
dialysis is due to an increase m hydration of the particles. Also the 
decrease m viscosity under high pressures noticed by Ghosh and 
Banerji (loc. at) is not due to a destruction of the orientation of collo- 
idal particles under high pressures as supposed by them, but definitely 
due to a decrease in the hydration of the particles on account of some 
water molecules wrapping the particles having been torn off and the 
effective volume of the particles having thus been decreased. It is not 
necessary to consider that increase m hydration is as a result of adsor- 
ption of water by colloidal particles, for large amount of water held by 
the gel will demand adsorption several molecules deep and this is 
incompatible with Langmuir’s theory (J. Amer. Chem. Soc., 38, 2221, 
1916 ; 40. 1361, 1918), according to which the adsorbed layer cannot 
be several molecules deep. The picture of hydration suggested by 
Desai (Kdloidchem. Beihefte, 26. 434, 1928) will easily allow some 
water molecules being torn off under high pressures and thus explain 
the decrease in viscosity with an increase in the shearing force. There 
is also no evidence to suppose that orientation of colloidal particles in 
a sol changes during dialysis. 

28. In view of what has been stated in this section it will be 
dear that it is erroneous to draw conclusion about changes in charge 
from changes in viscosity as in the case of stability ( para. 16), and 
that there is a necessity to study simultaneously changes w charge and 
viscosity of colloidal solutions under different conditions. This is being 
done in our laboratory. 

{/) Sensitisation of colloidal solutions by non-electrolytes. 

29. We ( Patel and Desai, Kolloid Zeit, 51, 318, 1930 ) have 
studied the influence of non-electrolytes — methyl, ethyl and iso-propyl 
gkohoto, acetone, urea and cane-sugar on the rate of <*» gnWtnn of 
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colloidal thorium hydroxide of different degrees of purity In the presence 
of NaCl , the coagulation of the boI In the presence of non-electrolytes 
alo ne has also been studied. The following results have been 
obtained . — 

( 1 ) With the progress of dialysis the sol is more and more 
sensitised by non-electrolytes. 

(n) A fairly pure sample of the sol ( sol dialysed for 6, 8 and 11 
days) could be coagulated by non-electrolytes alone, the coagulating 
power of non-electrolytes increasing with an increase in the purity of 
the sol. 

(in) The C. V. curves for lower concentrations of electrolytes 
and non-electrolytes or non-electrolytes alone are found to be S- shaped 
The S-shape of the C. V. curves becomes less marked with an increase 
in the purity of the sol. 

(iv) The order of effectiveness in sensitisation or coagulation of 
the sol by the non-electrolytes tried in these experiments is 

Urea>methyl alcohol>ethyl alcohol>iso propyl alcohol>cane-8ugar 
>acetone. 

30. The view of Weiser (J Phys Chem. f 28, 1253, 1924) 
that sensitisation is caused due to the cutting down of the adsorption 
of the coagulating ion m the presence of non-electrolytes is not appli- 
cable in the present case because the C V increases in the presence 
of non-eloctrolytes. Also the fact that fairly pure samples of the sol 
could be coagulated with non-electrolytes alone shows that the above 
view is not of much help in explaining our results 

31. The other view of Weiser (loc cit. ) that the non-electroytes 
displace the stabilising ion is supported by our results For, such a 
displacement of the stabilising ion will make the sol unstable and if 
stability is defined in terms of coagulation concentration, smaller 
amounts of eletcrolytes will be required to coagulate the sol in the pre* 
sence of noa-electrolytes This view will also explain the coagulation 
of the sol by non-electrolytes alone, for if the non-electrolytes are able 
to displace so much amount of the stabilising ion from the mtwy nt ^- 
of the double layer that the value of the charge on the particles is 
lowered to the critical value, the sol will begin to coagulate— slow 
coagulation phenomenon If the amount of the stabilising ion displac- 
ed is quite considerable the value of the charge on the colloidal parti- 
cles may be brought down to the iso-electnc point and the coagulation 
may become rapid from the beginning It should however be stated 
that it is not possible to say how far the displacement of the stabilising 
ion by the non-electrolytes will be shown by actual adsorption experi- 
ments. 

32. The suggestion of Wo. Ostwald (Grundrus der Kolkad 
Chemie, 1 Aufl. 1909. p. 441) and of Freundlich (Colloid and Capillary 
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Che mistry . Bag. Translation, 1926, pp. 462-65 ) that changes In the 
dielectric constant dsada tbs influence of non-electrolytes is found to be 
supported by these experiments. All the non-electrolytes tried in our 
measurements bed dielectric constant lower than that of water and 
therefore if the non-electrolytes are adsorbed in the doable layer the 
dielectric constant will be lowered and with it the electric charge on 
the nrtllmHal particles. Whether there will be slow or rapid coagula- 
tion in the beginning will depend upon the extent of the lowering of the 
charge. 

We have observed that with the progress of dialysis the charge 
on "nii'wdni particles of thorium hydroxide first increases and then 
decreases. If the coagulation by non-electrolytes is doe to a lowering 
of the dielectric constant and hence of the electric charge, one would 
expect that the samples of the sol having the same cataphoretic speed 
i. on the one or the other side of the maximum m the C. S.-D carve 
should show the same behaviour when non-electrolytes are added. It 
will however be seen from our results that the sol canid be coagulated 
with non-electrolytes alone only when it was dialysed for long periods 
( 6, 8 and 11 days ) ; sols dialysed for shorter periods i. a, less than 
what corresp o nds to the maximum in the C S.-D curve ( sola dialysed 
for 0 day and 3 days ) could be only sensitised but not coagulated by 
non -electrolytes alone. It thus appears that the non-electrolytes are 
not able to lower the dielectric constant as modi in the presence of 
appreciable amounts of electrolyte ( sols dialysed for 0 day and 3 days 
certainly contain quite appreciable amounts of the stabilising elec- 
trolyte when compared with samples dialysed for 6, 8 and 11 days) 
as they can do in their absence, or that the adsorption of the non- 
electrolytes in the presence of electrolytes is not quite appreciable. A 
tendency to this effect is noticeable somewhat in the results of 
Mukberjee, Rai Cboudhuri and Rao ( J. Indian Chem. Soc* 5, 697, 
1928 ). This pant however requires farther investigation. 

The results of Mukberjee and co-workers (loc. at) show that 
the cataphoretic speed of colloidal particles of arsenlous sulphide is 
lowered more and more on adding larger and larger amounts of non- 
electrolytes which also seoeitiee the sol. It is therefore quite likely 
that even In the case of thorium hydroxide addition of non-electroiytas 
wMeh sensitise the eol will lower the ca t aphoretic speed. This 
work ia in progress. 

33. Mukberjee and co-workers ( loc. dt. ; J. Indian Chem. Soe* 
2i 307, 1925 ; 3, 349, 1926) consider that the diminution in the di- 
electric constant brings about two effects : — 

(0 The electrical work, resulting from tbs displacement of tbs 
loos constituting tbs mobile abed of the double layer and aurvoandiag 

the colloidal particles, when two particles approach snUcl so rty asar 

n 
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each other, will increase with a diminntion of the dielectric constant. 
This effect will decrease the rate of coalescence and tend to stabilise 
the soL 

(u) From Mukherjee’s theory of the electrical adsorption of the 
precipitating ions it follows that the adsorbabdity will increase in a 
raediom of low dielectric constant. This effect will give sensitisation. 
The net effect will depend on the relative magnitudes of factors ( 1 ) 
and (u). 

In oar case the effect of factor ( 1 ) has been either absent or less 
predominant than the effect of factor ( 11 ) because stabilisation of the 
sol did not take place in any experiment. Factor (u) can be utilised to 
explain both sensitisation and coagulation of the sol by non-electrolytes. 

Mukherjee and co-workers ( loc. at , also Choudhury, J Phys. 
Chem., 32, 1481, 1928 ; Special Number of J Indian Chem. Soc., 201, 
1933 ) have al 90 suggested that variation m the thickness of the double 
layer, changes in the mterfacial tension of the medium etc., take place 
in the presence of non -electrolytes. It should however be stated that 
in the absence of any definite knowledge of variation of the above 
properties of the double layer it u not quite correct to use these factors 
in explaining the results of sensitisation by non-electrolytes ( cf. 
Weiser. J Phys. Chem., 44, 101, 1930 ). It appears that the role 
of dielectric constant in the sense proposed by Wo. Ostwald and 
Freundlich may, to a very large extent, explain the results of sensiti- 
sation, although m some cases some other influences may have also to 
be taken into account. 

34. In a recent paper Prasad and Nabar (J. Indian Chem. Soc., 
10, 33, 1933) have studied the influence of non-electrolytes on the 
coagulation of colloidal ceric hydroxide by the thermopile method. They 
find that alcohols affect the stability with the progress of dialysu of the 
sol in the same manner as observed by Patel and Desai ( loc. at. ) in 
the case of thorium hydroxide sol , sugars are however found to stabilise 
the cenc hydroxide sol and this effect increases with the progress of 
dialysis. The stabilising effect of sugars in this case may be due to the 
effect of factor (0 discussed m para. 33 as well as due to the cutting 
down of the preferential adsorption of the magnlntmg ion by the sugars. 
Regarding Prasad and Nabar's results it must be stated that in explain- 
ing then results they have assumed that the charge decreases regularly 
with the progress of dialysis. This is not justified in view of the fact 
that their sol contained initially appreciable amount of the peptlsing 
agent and therefore during dialysis the charge may first increase and 
then dflc rflflSfl, 

WVHVi 

CONCLUSION. 

35. From the foregoing considerations it is apparent that «*eng«* 
which will be produced in the charge on colloidal particles during 
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dialysis are not bo simple as many colloid chemists seem to imagine. It 
will also be clear that the results of viscosity and stability (towards 
electrolytes and non-electrolytes ) cannot always be utilised far getting 
an idea about charge on colloidal particles. Under the drcmnatances it 
is difficult to understand how far one should consider as satisfactory 
the interpretations of the results of coagulation of colloids or of 
viscosity determinations whenever inferences have been drawn from 
them about changes in charge on the particles. There 19 thus a dear 
necessity of investigating simultaneously different properties of various 
colloidal solutions— cataphoretic speed, stability, viscosity etc., — which 
have been dialysed to different extents in order to get a dear idea about 
relation between various properties. 
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SMOKE AND ITS PREVENTION 

B* 

M. P. KANGA RSc. (Boot) 

( Combustion Engineer, The Tata Iron & Steel Company Ltd,, 
Jamshedpur. ) 

Industrialism is rapidly spreading over our Indian cities which 
congested and crowded as they are, have already began to feel tbs 
effects of mechanization and of comparatively large scale production. 

Among the many problems which follow in the wake of industrial 
progress, is the abatement of smoke and dost and the taking of mea- 
sures against atmospheric pollution. 

In almost every city, where hydro-electric power is not available, 
coal is the chief source of generating electrical energy, supplying heat 
and producing steam and power. The boiler plant whether large or 
email is also invariably associated with factories, marine vessels, loco- 
motives, trucks, cranes, shovels, steam rollers etc^ and the general 
indication of such boiler plants in operation is the black smoke and 
dirt belching forth from their chimneys or stacks. 

From the standpoint of hygiene, aesthetics and economics, it is 
highly desirable if not essential that the occurrence of smoke should be 
prevented and the air kept as free from dust as possible 

It iB the primary concern of Municipalities to see to public health. 
Oar markets are kept clean and we are supplied with pure, filtered, 
drinking water. The average individual is rather careful about dean 
food and water but how about the air that he or she inhales ? The 
normal consumption of solids and liquids by the human system is 
about 5i pounds in 24 hours but the air breathed, is over 35 pounds 
in the same period. One can imagine how harmful could die impuri- 
ties m so much air be to the lungs and the chest. Is it not a logical 
step to legislate and make regulations m order also to prevent people 
from introducing obnoxious fumes, smoke and grit in the atmosphere 
which surrounds urban communities ? 

Of the industrial dusts, smoke aod Municipal dust are no doubt 
harmful but far more serious problems are connected with industries 
such as granite quarrying in which the employees have to suffer from 
a dust concentration 40 times as much giving nee to such diseases as 
silicosis and consumption. However, as aty atmosphere affects a 
large number of people, and as it actually pays not to have wt wM , the 
gobject should receive careful attention from the public at large. 
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Nnisanos due to dot putidw, spoiling of the nstbstic features 
of fawinpM pad residential quarters on acoontit of unsightly streaks 
of amok* and tba fooling of buildings, paintings, silverware, furniture 
etc., are sufficient raaaooa for paaaing legislation agauat amoka amis* 
skin. It is estimated that in the city of New Yorlc, tbs damage caused 
by ma6k» amounts to the appalling figures of over Rs. 50 par annnm 
par head. No wonder that of late there have been so many questions 
raised in toe British Parliament to replace bituminous coal by some 
sort of smokeless fuel. 

As far as the consamera of coal are concerned, they would have 
enough inducement to keep the smoke down if they only realize that 
smoke abatement also entails economy in fuel. It is only due to lack 
of knowledge and want of engineering skill that they unnecessarily lose 
money by continuing antiquated methods. 

Smoke is the direct result of improper combustion or the burning 
of coal. To barn a shovelful of coal ( say about 20 lbs. or 0-4 cu. ft. ) 
it requires as much air as would be contained in a room 16' x 16' x 16' 
( nearly 4,000 cu. ft ). From these proportions it may readdy be ob- 
served that to thoroughly burn coal, enough air and proper contact 
are necessary. A little consideration will show that this is not so easy 
when coal is fired in a haphazard manner. 

Visible smoke mainly consists of minute particles of carbon, tar 
and ash earned away by the products of combustion which are carbon- 
dioxide, water vapour and carbon monoxide with traces of hydrocarbons 
( due to incomplete combustion ) together with the inert nitrogen of the 
air. Microscopic analysis shows that these particles are composed of 
groups of still smaller particles about two millionth part of an inch in 
diameter I 

The actual loss of carbon in dense smoke amounts to about 1% of 
the carbon in the cool bat in terms of heat units this loss itself is only 
about 3 to 4%. It is toa loss of heat units in the accompanying carbon 
monoxide and hydrocarbons that is so serious and may amount to near- 
ly 15% of the heating value of coal. It should be remembered, there- 
fore, that whan you see smoke, yon actually visualize only a fraction of 
tbs total heat loss. 

To make it more dear let us consider the combustion of a pound 
of carbon. If it is so burnt as to give only carbon monoxide instead of 
carbon dioxide, than wa lose 10,600 B. Th. U.’s or a quantity of gt 
which could evaporate 3} times as much water at 212°F. as is pos- 
sible to generate from toa heat of formation of carbon monoxide. 

In toe ease of boiler practice, insufficient or sufficient ( L e. 40 to 
50% excess ) air might males a difference of aa modi as 10 to 15% In 
tba cost of steam generation. 

Now, coal is not a h o m ogeneo us substaaoe. It is eam poFn i of 
tyfawartaNt carbon, ash and moisture, and when subjected to httt, 
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its volatile matter is first driven away leaving behind carbon mingled 
with ash which is called coke. Consequently, far combustion, air has 
to be so regulated as to first thoroughly bnrn the gaseous products which 
leave the coal as soon as it gets heated. When air is insufficient, the 
volatile matter instead of being thoroughly burnt, cracks up forming 
soot and other hydro-carbons of a more stable nature. Hence, lack of 
air is the primary cause of smoke. 

The second cause may be put down as doe to either too low or, 
too high a combustion chamber temperature. If the temperature 
is too low (as in the case of furnaces starting up) the fuel is not 
properly ignited and the gases leave the furnace decomposed and sooty. 
When the temperature is too high the heavy hydrocarbons and tar 
break np into soot m about a tenth of a second, t. e , too quickly to 
enable air to react with them. Soot once formed is difficult to burn 
and flies up the chimney as smoke. 

The third and general cause of smoky stacks is the improper 
design of furnaces. In most cases the combustion space is far too 
small to allow sufficient time for the gases and air to react In others, 
the grate or burner construction is such that proper mixture and 
intimate contact of fuel and air are lacking. 

The prevention of smoke, therefore, depends on the proper appli- 
cation of the general principles of combustion. It is worthwhile 
therefore to look into a few practical methods which are useful in 
ensuring thorough combustion. 

When dealing with hand fired furnaces, only skilled firemen 
should be kept on the job. Small quantities of coal must be charged 
at a time as frequently as necessary and first allowed to coke on the 
plate in front of the grate. During the time that the gases distil off 
the charging door should be left ajar to let u plenty of secondary air 
This is the first step taken in order that the hydrocarbons may be 
thoroughly burnt The second step which consists of pushing the foal 
on to the grate allows the coke to be uniformly fired with a eet 
quantity of air. 

In the case of larger units, the selection of a suitable stoker most 
not be overlooked. 

There are many types of stokers and salesmen have a tendency to 
offer this important equipment without advising as to its suitability 
for a particular grade of coal. Stoker and furnace construction meant 
for a low volatile coal turns out to be inefficient when it is used 
for the firing of high volatile coal. Smokeless settings, well-designed 
arches and proper baffling to suit particular conditions, are highly 
important factors and money spent in rebuilding furnaces **f*«"iy is 
repaid. 

Varying or excessive loads are often the cause of smoke from tbs 
Stacks of even well-designed boiler furnaces apd operation ahoqld bo 
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more uniform, Tho forcing of boilers is a bad practice. 

In the smaller units, lack of draft and turbulence are sometimes 
overcome by the use of steam jets by which means air can be injected 
into the furnace usually above the firing door. This practice may 
be resorted to only in cases where there is no other solution to the 
problem. 

When the question of new installation arises, pulverised coal fired 
furnaces should be given serious consideration. 

The more up-to-date plants have automatic combustion control 
devices, carbon-dioxide recorders, air preheaters and sometimes out of 
necessity they are equipped also with flue dust extraction devices. 

The problem does not end with smoke abatement only. A lot of 
fly ash and dust escapes through the chimneys of large power stations 
(mostly those which operate on powdered coal) and settles down miles 
around in the surrounding district. When people not only demand 
relief from smoke but also agitate for freedom from dust and fumes 
it becomes a serious problem as considerable expense has to be 
incurred in providing dust extraction plant 

The types of dost extraction plants, commonly used in Europe, 
are (a) water film and spray (b) cyclone and (c) electrostatic. The 
capital costs of the water film and spray and multicyclone types 
are about the same and only about half the capital cost of the electro- 
static plant. The total cost (including the fixed charges) of removing 
fine dust is very nearly the same for the three processes. The 
electrostatic precipitator though somewhat more expensive is said to 
have a high efficiency ( 90 to 95%) and has the advantage of separating 
out the dust in a dry form. 

In cities where there are numerous factories located within limited 
areas, a drive should be made towards centralising the power plant. 
A large central power station would not only supply power cheaply 
but would also prevent smokiness by replacing a number of small 
inefficient units. 

In England several attempts to prevent smoke have been made 
since the 14th century or still earlier Numerous ordinances have 
been passed and committees appointed 

In recent years organised efforts have succeeded in greatly reduc* 
mg smoke in some of the American cities Smoke inspectors have 
been appointed and special regulations framed. If smoke of a cor tarn 
density appears from a stack for a longer period than that specified, 
the ordinances are put into force. Qualitative smoke determinations 
an made ordinanly using the Ringclmann charts. These are large 
charts each cross ruled with lines of a certain thickness so that when 
placed at a certain distance from the observer, they appear of four 
shades intermediate between a white chart and a totally black one. 
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The colour density of smoke is then judged by comparing it with the 
charts. 

In conclusion! it must be mid that them is every justification to 
agitate for legislation for smoke and duet abatement in the internets 
of hygiene and economy. With our present knowledge of the scienti- 
fic utilization of fuel, there should be little difficulty m ridding big 
cities like Bombay, Ahmedabad, Nagpur and Calcutta of the moke 
nuisance. 



RECENT WORK ON ANTIMALARIALS 

By 

R. C SHAH. M. Sc, Ph.D, (London), A LLSc 
( Chemistry Department, Imatl College, Andhen. ) 

Durug the last fifteen yean, a large amount of work has been 
earned oat on the chemotherapy of malaria. Systematic investigations 
have been mai ^* on the relative values and limitations of the cinchona 
alkaloids, which still hold the field in the treatment of malaria, in spite 
of many attempts to replace them by the so called "modified alkaloids" 
or synthetic compounds. Attempts only m part successful, have also 
been made to correlate chemical constitution and anti malarial activity. 
The discovery in 1926, of "plasmoqum," a synthetic quinoline derivative 
which has been found to be of great value m treatment of human 
malaria, is an outstanding achievement of chemotherapeutic investiga- 
tion, and has stimulated attempts to prepare synthetic antunalarials. 

The first systematic use of cinchona bark as an antipyretic is due 
to Juan del Vego, physician attendant to the Countess Anna del 
Chinchon, wife of the Governor of Peru, who introduced the bark into 
Spam for treating ague on his mistress’s estates, m or about 1639. 

In 1820, Pelletier and Caventou in Pans isolated from the bark 
two alkaloids which they named quinine and cinchonine. Cmchomdine 
and qumidine were isolated thirtytwo years later. 

About 1860, attempts were made to introduce cinchona trees in 
India, Ceylon, Jamaica, Australia and Java, but success was attained 
only in India and Ceylon. Of late years, cinchona cultivation has 
declined in these countries, and has immensely increased in Java, which 
is now the most important cinchona district in the world. This is due 
to the extensive botanical and chemical investigations relating to the 
cinchona cultivation which have been earned out under the auspices of 
the Dutch East Indian Government. 

The five chief crystallisabla alkaloids present in cinchona bark are 
quinine, quuudine, cinchonine, dnchonidine, and hydroquunne, there 
are also pr esen t about twenty other alkaloids m smaller quantities 
which are non-aystalliaable and amorphous. 

While all these alkaloids have been known for long to possess 
antimalarial properties, there was no general agreement regarding, their 
relative efficacies. Goodaoa, Henry and Macfie 1 who have recently 
reinvestigated this problem, using alkaloids of undoubted purity and 

tt 
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more refined technique for biological tests, condode that hydroquinine 
is the most effective, the remaining four being approximately of equal 
value. 

The chemical constitution of quinine is represented by (I). It la 
thus p-mathoxy-y-quinoyl-fl-vinyl-2-qranuclidyl-caihinol, the two com- 
ponent rings being called the quinoline and the quinuclidine residues. 
Qoundine is a stereoisomende of quinine, and hydro-quinine contains 
the saturated ethyl ( — CH*— CH*) group m place of the vinyl 
(— CH— CH») group of quinine. Cinchonine and ctnchamdine which 
are stereoisomerides only differ from quinine in the absence of the 
metboxyl group. 



Detailed study has been made of the physiological action of 
quinine, which is found to have a strongly antipyretic action, and 
bactericidal, narcotic and local anesthetic action, in varying degrees. 

Attempts which have been made to ascertain the paromlnr 
molecular arrangement present in these alkaloids which is rMpnna.hu 
for their biological activity, have given results which are mthor vague 
and indefinite. It appears that the qninolue methoxyl contributes to a 
small extent to the antimalanal activity. Hydrogenation of the vinyl 
group of the quinuclidine ring gives methyl hydrocupreine which is as 
active as quinine, but more toxic. The dehydrocompound from quinine 
containing the group- CsCH m place of - CH— CHj is only half as 
active. The conversion of the - CH = CH* group to -CHOH— CH* 
by the addition of water across the double bond leaves the activity un- 
changed. The rearrangement of the vinyl group to the ■ CH- CH»group 
gives the interesting compound isoquuune which is as active as quinine, 
although a little more toxic. 

Other prints of the variation of the quinine mo le cu le have also 
been investigated. The oxidation of the secondary alcoholic group gives 
ketoquiune, while reduction to CH* gives the methylene wwn pnmyi , 
cinchene, which is extremely toxic producing tetanus and «W h, 
Fracture of die qmmdkHne nag yields quimane (II) which is highly 
toxic, bring a strong eoavulsant, and fatal u huger doses. 

Little mfonaatwu has been made available regarding tbe simple 
qa m ol in e derivatives, whs mas simple qumucUdioe compoanda do not 
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mb to have bean investigated. Strangely enongti, the antipyretic 
action of p-methoxy quinoline is leas than that of quinoline itself, 
whereas p-methoxy qmnohne-y - carboxylic acid 1a almost completely 
inactive, as might be anticipated from the pre s ence of the deactivating 
carboxyl group. 

CH| 

I 



CH 

I 

CH- 

I 


-CH, 


CH— CHr- CH,— NH 


CO— CH,— CH, 
(II) 


Earlier attempts at preparation of anti-malarials were made by 
modifying the structures of cinchona alkaloids. The so-called "modi- 
fied alkaloids” which were investigated were the carboxylic acids 
produced by the oxidation of the — CH—CH, ( vinyl ) group of the 
cinchona alkaloids to the — COOH group and their esters. 


Thus quinine, quimdine, cinchonine, cmchomdine gave quintanins, 
gotten id me , cmchotemne, and cmchotenidine. Quitemno (HI) is 
found to be inactive but according to Geisma, Weise, and Tropp,* the 
activity is regained in the ethyl ester called ethyl-quitemne on esteri- 
fication of the carboxyl group with ethyl alcohol The methyl propyl 
and other alkyl quiteninea have also been examined, and the 
interesting generalisation has been drawn that antimalanal activity in- 
creases as the homologous series is ascended, reaching a "iimmnm at 
bytyl or amyl. Similar relationships appear to hold good in the cases 
of the esters of cmchotenidine, quitemdine, and cinchotanine. However 
none of the compounds approaches quinine in efficiency against bird 

malaria. 



ch,/t 

' CH» 


•CHI 


ICH— COOH 


CH. 

\T/'CH, 

N 


Proceeding on the ass ump ti on that the secondary akohoMo hydro- 
tyl group of quinine is essential for antimalanal activity FortMan Nad 
collaborators 1 have prepared a number of relatively simpler amfecalco. 
bpls of the n ap h t h al en e series like (IV). (V) and (VI) of wttgr to fl* 
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Ilka (V), and (VI) ware active against bird malaria but inactive against 
human malaria. 

CH* — CHOH — CHj — N(Et), 


NH— CHi — CHOH— CHj— N (Me), 


\/ 

(V) 

O — CH, — CH OH-CHr-N (Me), 



(VI) 

A new and meet promising cine in the search for synthetical anti* 
malarials has been provided by the discovery in 1926 of plasmoquin, a 
synthetic qoinoline derivative. The structure of the drug is not known 
with certainty, but according to Hdrlem, the director of the phannaceu. 
t ica l department of the I. G Farbemndustne, the compound is N- 
diethylamino-iaopentyl-8-amino-6-methoiy qflinoline ( VII ), thus 
differing from quinine chiefly in the absence of the quinnclidine 
nucleus with the two intermediate methylene groups. 



YV 

(Et),N— (CHOr— CHMe-NH (VII) 

First biological experi m e nta were earned out with the new 
aanx paaai on the parasites of bird malaria, in the case of canaries 
which were found to be most suitable for the purpose by RoehL The 
experiments were than extended to human malaria, in which some 
n y-rc m was achieved, Although the high hopes en t e r tained fog 
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plasmoquin in the beginning have not been folly realised, it is a 
compound of great value in the treatment of malaria in human beings. 

The antunalarial offsets of plasmoqtun were first demonstrated by 
the use of Roehl’s technique, which depends on the fact that it is 
possible to infect birds with plasmoquin relictum, thus communicating 
to them a malady, the evolution of which resembles that of human 
malana. 

By means of this new procedure, the activity of a synthetic 
com pound can be so easily tested that it may be hoped that plasmo- 
quin is but the first of a series of still more efficient antimar lala to be 
discovered in future. 

Since the discovery of plasmoquin, which apart from the cinchona 
alkaloids is the only known compound which has shown promise 
In the treatment of human malaria, it has been largely adopted by 
subsequent workers as model upon which to base the synthesis of new 
compounds. 

In England, systematic research on synthesis of new ontimalarials, 
planned as a campaign against malaria, has been initiated by Barger 
and Robinson, 4 with the co-operation of the joint Committee on 
Chemotherapy formed by the Medical Research Council and the 
Department of Scientific and Industrial Research, and a number of 
new compounds of possible antimalanal activity have been made to 
which a brief reference may be made. 

Aminoalkyl quinolines of the types (VIII) and (IX) bearing 
structural resemblance to plasmoquin, have been synthesised by 
Baldwin, 9 and amrnoal ky lquinol 1 n 1 um salt9 by Sheshadn. 4 Kermack 
and Smith 9 prepared 4-piperidino-and 4- pipe razino- 2-methyl 

quinolines , while Kermack and Muir 8 have extended the work by - 
substitution of a more complex sidechain containing two nitrogen 
atoms in place of the simple piperidine or piperazine ring. Of a 
different type are the pyrrole-quinolines obtained by Mrs. Robinson, 1 
showing similarity to the alkaloids hanmne and harmaline, which are 
known to possess antimalanal actioa 



(VIII) 


Aik. 


NH — (CH*) x — NHj 
IX. 
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It Is gratifying to note that mom work id this direction hu ate 
been done in India. 

J. N. Ray and collaborators 10 have synthesised several compounds 
amongst which are a glyoxalmo-qninoline, pyrryl-indoles, and condensa- 
tion prodncta of cotamme and phenols. 

Brahmachan and co workers 11 have prepared a number of quino- 
line derivatives mcloding dimethyl-ammo-styrryl-qninolinea, qtunolipe- 
amido- acetamides, caxbamido-qninolines, qmnoline-amino- acetyl- p- 
arse mil 1C acids and ft-/I.ftniinria1Wyl.ftmidn.qniiioHnwa. 

As the results of the biological tests on the therapeutic activi- 
ties of many of the synthetic compounds referred to in the article, are 
not yet published, it is not possible at this stage to make any genera- 
lisations. 
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ABSORPTION OF LIGHT IN POLYATOMIC 
MOLECULES 

By 

B. K. VAIDYA, M. Sc. (Bombay), Ph. D. (Liverpool). 

Research Fellow, Department of General Chemistry, Indian 
InsMute qf Science, Bangalore. 

Studies in the absorption spectra of solutions in the ultra violet 
and the visible region of the spectrum have yielded results which are 
of great importance to the chemist, inasmuch as they have given 
sufficient clues to decide between possible alternatives in the structure 
of complex organic molecules. Such studies have often been employed 
m the identification and purification of certain organic compounds. A 
detailed knowledge of the light absorption in various substances has 
also proved useful in devising light filters for the isolation of various 
radiations in the different parts of the spectrum. Besides these practical 
applications, on the theoretical side observations on the absorption 
spectra of a large number of coloured and colourless compounds have 
enabled many workers to propose theories regarding the relations 
between the colour and the constitution of organic compounds In this 
way certain groups of atoms in the complex molecule are recognised as 
the seat of colour, while the others are supposed to help the formation 
of colour. These theories interesting and ms tractive as they are, have 
met with little success, as they give no quantitative information as to the 
position and intensity of an absorption band in a given compound, nor 
any insight into the mechanism by which the light energy is absorbed 
in a molecule. 

Baly 1 and later Henri’ and others proposed a theory of a semi* 
quantitative nature regarding the position of the absorption bands in the 
ultra violet region. According to these authors the position of an ultra 
violet absorption band is mainly governed by one of the fundamental 
vibration frequencies of the molecule in the infra-red region of the 
spectrum. The infra-red frequency when multiplied by a suitable 
whole number gives the exact position of the absorbed ultra violet 
frequency. The idea underlying this relation is that the molecule 
absorbs a definite number of quanta of lower energy which appears 
later on in the ultra violet as one whole larger quantum. No fixed rule 
is given regarding the selection of the particular infra-red frequency and 
obviously, tbs one suited for the purpose is chosen. Moreover, it is 
now wail recognised, that the ultra violet or the visible, absorption is 
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influenced by the energy of the on ter electrons in a molacnlar system! 
while the inner vibrations at the kernels or the nuclei which have con- 
siderably lower energy 9 are mainly responsible for the absorption in the 
near infra-red. No definite relation between these two energies! 
electronic and vibrational in a given molecular state! is yet known. 
However, it may be noted, that some diatomic molecules of which the 
electronic and vibrational frequencies in a given Btate are definitely 
known from the recent data on the band spectra, do show simple rela- 
tions which may not be merely a matter of coincidence. In Table 1, the 
electronic (v ) and the vibrational (v T ) ground frequencies for some of 
the excited states of the CO molecule are given. It will be seen that 
the former is a whole multiple (n) of the latter, and the deviation from 
the observed value of Vo is only about 0 5 per cent. Other instances 
of a similar type can be quoted. 


Table 1. 


v,». 

n 

nx v 
calc. 

Vo 1 

obs 

1914 

52 

99528 


2081 5 

42 

87423 

86892 

1497 63 

43 

64398 

64729 

1105 

58 

64090 

64060 

1173 

49 

57477 

57763 

1726 5 

28 

48342 

48530 


Any approach to the subject of the light absorption in polyatomic 
molecules must be made with caution Before we can give a complete 
explanation of the absorption by a molecule in the free gaseous state, 
ideas regarding the absorption by solutions or even by liquid substances 
are likely to be in error. As yet the mechanism of light absorption, in 
the infra red and the visible or the ultra violet, is understood to a fair 
degree of accuracy, only in the case of simple diatomic molecules in 
their stable or metastable forms. The best we can do therefore! for 
the polyatomic molecules, is to proceed from the analogies offered by 
the diatomic molecules, and utilise such of the data as are available 
from the band absorption of such molecules. 

The analysis of the absorption band spectrum of a diatomic mole- 
cule gives the energy value of the outer electrons, as also the values of 
the nuclear energy of vibration in the ground and the various excited 
states. The ground vibrational frequency thus obtained m the lowest 
energy state of the molecule should then be comparable with its funda- 
mental frequency in the infra-red. In Table II, the third column shows 
the value of the absorbed infra-red frequency, as measured directly or 
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as obtained from the data on tha Raman effect. Tha fourth colomn 
•how* the value as found from the band spectra. 

Table n. 


Vibration frequency in diatomic molecules. 


Vokcule 

Bond 

v‘, 

(1 r.) 

v», 

(band sp.) 

Molecule 

Bond 

V 4 r 

Ur.) 

■ 

(band sp.) 

Hi 

H-H 

4155 

4264 

HC1 

H-Cl 

2780 

2840 

N* 

N-Ni 

2329 

2345 

HBr 

H-Br 

2479 

2$03 

0, 

0*0 

1552 

1 565 

HI 

H-I 

2233 

- ■ 

P, 

P-P 

468 

450 

CO 

C-O 

2155 

2149 

S, 

s-s 

470 

426 

NO 

N-O 

1877 

1892 

Cl. 

Cl-Cl 

556 

561 






The fair amount of agreement observed in Table II, between the 
values of vibration frequencies as obtained by the two independent 
methods, leads us further to examine the question of polyatomic mole- 
cules. 

A characteristic feature of the polyatomic molecules as revealed 
by the Raman effect, is that the vibration frequency of any of the indi- 
vidual atomic linkages in them remains constant within narrow limits, 
whatever the general structure of the molecule. Thus such groups as 
C— H, C m O, C-C, C»N etc. have definite frequencies which are 
always found in the molecules containing than. Furthermore, It is 
interesting to note that these atomic linkages when present in the free 
diatomic states again exhibit the very same frequencies in their ground 
vibrational states. Table III shows a comparison of the vibration 
frequencies of some of the diatomic groups, in the combined and in 
the free state. 

Table III. 

Vibration frequencies in diatomic groups# 


Melecula 

Boqd 

vS 

Raman 

V*T 

band sp. 

Molecule 

Bwd 

Raman 

V*T 

bandsp 

CH. 

C-H 

2910 

2815 

BiCli 

BhCI 

mu 

218*307 

CjHi 

C-C 

1630 

1630 

Socu 

S*-C1 

Fl$XtSjl 

3»M»* 

Carbonyl 

C-O 

1722 

1724*i 

0. 

Si-0 

802,1227 

844*1296 

Nitrile 

C-N 

2172 

2144* 

Sulphate 

S-0 


669*1124 

NiO 

N-0 

2223 

2345* 


Cr-O 

787,870 

746*667 

NO 

N-O 

1877 

1892 

Vanadate 

V-0 

870 

*vm 

Nitrate 

N-0 

1047 

1030* 

Mugaaata 

Mn-0 

788,833 

788*696 


LL 
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According to this table we recognise for the first time that the 
individuality of a diatomic group, as regards its characteristic vibration 
frequency is always preserved, either in the free state or while forming 
the port of a molecule. This is, however, not the case with the electro- 
nic frequency, for the electronic energy of a diatomic molecule would 
suffer much change while forming the part of a polyatomic molecule. 
Here, on account of the neighbouring linkages and the heavier mass 
of the system as a whole, the electronic energy would be considerably 
damped, with the result that the absorption wave lengths in the visi- 
ble or the ultraviolet are shifted towards the red side of the spectrum, 
the amount of shift varying with the degree of damping. The decrease 
m the electronic energy of the diatomic system would also lower the 
number of possible vibrational transitions between the two electronic 
states, and, therefore, the region of absorption now covered by the 
polyatomic molecule is shorter than before 

In order to test the correctness of the views given above, we have 
to look for the actual band spectra of a large number of molecules 
in absorption. It is found, however, that only a few of these have been 
investigated so far, mainly because their analysis is rendered difficult 
on account of their complexity. The main vibration frequency in 
each of them however is easily found from the separation of the 
principal band heads. This would give us the frequency of that part 
of the molecule which causes in general the absorption of light, and 
thus we should identify the absorbing group by comparing the 
principal vibration frequency of the molecule with that of the absorb- 
ing group in the diatomic state In the following table, the principal 
vibration frequencies, together with the frequencies of the active group 
in the free state, for some of the molecules are given (Table IV ) 

The results shown in the above table confirm the views outlined 
before It is also found that m the instances cited above, the original 
band system of the active group is displaced towards the red end, and 
the region covered m absorption is also much smaller. Further 
it will be seen that the active group is more unsaturated m character, 
relative to the rest of the molecule. It may be concluded therefore, 
that in organic molecules such groups as C = O, C = C, C c N, N*N 
and others form the main seat of absorption 

Some of the vibration frequencies as observed in the band spectra 
are marked with an asterisk in table III and IV. These represent the 
vibration frequency of the diatomic molecule in one of the observed 
excited molecular state. When this same frequency occurs in absorp- 
tion in a polyatomic molecule, it probably means that the diatomic 
group in question is in an excited state, and imparts to the molecule 
Its observed chemical activities. It would be possible to clarify 
this point, if we could observe any change in the vibration frequency 
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Table IV. 


Principal vibration frequencies in polyatomic molecules. 


Molecule 

Active 

group 

Polyatomic 

Frequency 

Frequency in Diatomic State. 

Formaldehyde* 

i 

1120 

1182'" Hopfield Bilge 

upper level. 


BE 

1723 

1724* Cameron upper 

level. 

Phosgene 7 

IS3 

422 

2149~1724* Cameron system. 

Benzoqumone® 

c = 0 

1110 

1105* Merton-Johnson 

upper level. 

1182* Hopfield Birge 

upper level 


00 

422 

2149^1724* Cameron system. 

Diacetyl 8 

c = 0 

1411 

1497* 4th. positive up- 

per level. 

Glyoxal* 

c=o 

1418 

1497* 4th. positive up- 

per level. 

Hydrazine 9 

N = N 

470 

• 1 . 

Azobenzene 10 . 

N = N 

652 

2345~1679* Birge Hopfield 
abs-system 


of the molecule by suitable electronic excitation. This excitation 
could be brought about by the absorption of light in the visible or the 
ultra violet If then, for such a molecule, Raman photographs are 
secured, while the same is exposed to the ultra violet light, the scat- 
tered radiations on the spectrograms would be different from those 
observed ordinarily i e when the exciting ultra violet light is absent. 
Such experiments would be possible only where the absorbed radiations 
do not bring about any immediate chemical change in the system, 
or cause fluorescence in the molecule. Some of the results of Ghosh 11 
may be cited to support this argument. These are shown in table V 
The frequency shifts which are common to the ordinary visible 
excitation, as well as to the ultra violet excitation, are omitted from the 
table. Those of the frequencies which are present exclusively under 
the ultra violet excitation ore shown in the second column, while the 
third column shows the frequencies which are observed ordinarily 
in glass apparatus which cuts off most of the ultra violet light, and 
which are totally absent when quartz apparatus transmitting all the 
radiations is used This difference m the two cases is not due to any 
failure to observe some of the faint lines m the spectrograms. For 
example, if this were so there is no reason why such a strong line 
due to the frequency shift 426 in the case of ethyl alcohol should be 
totally absent when the same substance is under the mfln^n r ^ of the 
Ultra violet radiations, There 19 no doubt that in the latter raw w? aro 
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dealing with a molecule which has changed its vibration frequency doe 
to a change in the molecular energy level, nadir the jpflnenca of 
absorbed radiations. However, In order to draw any coadunon as to 
the energy level reached by a molecule as a result of light absorption 
we need much more data, obtained from an examination under strictly 
controlled conditions, of a large number of substances. 


Table V. 

Raman frequencies In excited molecules. 


Molecule 

Ultraviolet 

excitation 

Visible 

excitation* 

Methyl alcohol 
Ethyl alcohol 

506,2741 

no difference 
426, 1094, 1273 

Acetic add 

288, 376, 

440 

Ethyl formate 

1002, 1276 
609, 1013 

2878 

Ethyl acetate 

*• » 

938, 1005, 1044 

Sodium acetate 

e • • 

647, 1649 

Ethyl malonate 

• M 1 

L. . 

2875. 


Ffotn what has been said above, it would be sufficiently clear 
that the whole question of the absorption of light in polyatomic mole* 
coles needs a re-examination In the light of the new knowledge gained 
bom the band spectra and the Raman effect. While the existing data 
on the Solutions are useful for their practical applications, in order to 
understand anything regarding the mechanism of light absorption, we 
need more quantitative experiments, probably along the lines suggested 
in Ola paper. 
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THE BLEACHING OP SHELLAC 

By 

N. NAftNSIMHA MURTY 

Shellac is not a single chemical compound but consists of a mixture 
of several ream acids, wax and a colouring matter called erythrolaccin. 
The bleaching of such a complex material is a delicate operation espe- 
cially as shellac is prone to become insoluble on continued heating of 
lfl Cdfltact with hydrochloric acid, or become hydrolysed to a sticky re- 
fcfaoos mass on contact with caustic alkali A physical method of ob- 
taining a pale resin would be to extract the colouring matter, erythro- 
laccin with ethef leaving behind about 70% of the original shellac which 
frbtn alcohol solutions gives a colourless film. Bat each a film is brit- 
tle and lacks adhesion as the ether extracts, besides the colouru^ matter, 
the resin adds which impart to shellac its unique p ro p ert y of good 
adhesion and toughness combined with hardness. 

The colouring matter could be removed as described by Wolff (l) 
by filtering the alcoholic solution of shellac through animal charcanL 
But the bleaching Is Incomplete and uneconomical. 

According to a method by Datt (2) the ethyl alcohol solution of 
shellac is neutralized by ammonia, ethyl amine, or calcium oxide and 
agitated with Indian bauxite, and filtered. 

According to Damn (3) the colouring matter is first taken up by fat 
( «. g. fay treating shellac with a hot aqueous solution of oocoanut oil ) 
and the fat with the colouring matter is then extracted with petroleum 
ether. 

Among the chemical methods of bleaching may be mentioned 
several processes which involve the oxidation of the colouring matter. 
By leaving shellac in contact with hydrogen peroxide for several days a 
light coloured resin can be obtained The bleaching is, however, incom- 
plete and costly. Hydrogen peroxide does not bleach alkaline solutions 
of shellac. According to Venngopalan (4) reducing agents like snlphnr* 
oos acid give a green coloured product, the decolonzation being incom- 
plete. Treatment of shellac with drastic oxidizing agents like nitric 
add leaves behind a yellow sticky mass, the rupture of the heavy 
mqifrcqlag of resin acids taking place at the double bond and hydroxyl 
groups. 

Tbs most common bleaching agent is chlorine. Oh account of He 
great activity gad tb? possibility of r enderin g shellac inepldhltl 
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direct chlorination of shellac is not feasible. Bat this can be accom- 
plished according to the method of Gratzel (5) by leading into the 
alkaline solation of shellac chlorine which has been dilated with a large 
quantity of air or other inactive gases. It is more convenient! how- 
ever, to add chlorine in the form of sodium hypochlorite. According 
to the method of Rosenhagen (6) the production of sodium hypochlorite 
from 9 odium chloride and bleaching of shellac is carried out electroly- 
tically m one operation. 

Sodium hypochlorite should be prepared fresh every time before 
bleaching, the method described by Zoller (7) being most convenient. 
Bleaching is best carried out between 30° to 34°C. 

The chief factor that enters into the economy of bleaching shellac 
on a commercial scale, especially in India, is the cost of sodium hypo- 
chlorite Hence professional bleachers should select low hypochlorite 
consuming shellacs consistant with price. Shellac in general consumes 
less hypochlorite than seed lac, being comparatively free from the dye 
laocoic acid and nitrogenous matter. But there is a tendency among 
bleachers now-a-days to use more and more seed lac for bleaching, 
partly on account of its cheaper price and partly because the wax can 
be easily filtered out of the hot alkaline solution, whereas, with shellac> 
the wax is in a more stable suspension owing to the previous heat 
treatment it has undergone, and filtration is difficult Addition of a 
small quantity of kieselguhr to the solution and stirring makes the 
removal of wax easier 

Seed lac contains in varying amounts lac dye, insect scarf, and 
woody material as impurities, and these are chiefly responsible for the 
increased consumption of the bleaching agent One gramme of water 
extractable material consisting of Iaccaic acid, sugars, and proteins is 
present on an average m every 20 gm of stick lac, and one gramme of 
this extracted material requires for bleaching its alkaline solution to a 
yellow colour 42 c.c. of a solution of hypochlorite (containing 3% 
available chlorine ), whereas 20 gm of a well washed Khair seed lac 
takes only 30 c,c. of the same hypochlorite solution for bleaching its 
alkaline solution to a light wine colour. 

More than the dye the albuminous matter and the ammonia salts 
present m seed lac are responsible for the excess of sodinm hypochlorite 
consumed. This is evident from the following experiment 15 gm. of 
a sample of shellac required 28 c.c. of sodium hypochlorite ( having 3 % 
available chlorine ) for bleaching its alkaline solution to a light wine 
colour But when its nitrogen content was raised by half per cent, by 
addition of ammonium sulphate to the alkaline solution it required 62 
c.c. of the same bleaching solution. When its nitrogen content was 
raised by one per cent, it required 91 c,c. of the hypochlorite; th? 
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bleaching was still unsatisfactory and the colour tended to return on 
keeping the solution. 

The dye and the albuminous matter can, however, be easily wash- 
ed out if the freshly cut lac 15 immediately washed, as then the dye 
and the albuminous matter will be in a soft condition. But with 
stick lacs stored for a long time the dye and the albuminous matter will 
have hardened and it will be difficult to wash away these from the 
interstices of the lac grains The water used m washing must not be 
bard, otherwise, the removal of the dye from the seed lac will be in- 
complete due to the precipitation of calcium salt of laccaic acid in the 
interstices of the lac gram. 

Washing with Fuller's earth, or with weak alkalies such as 
sodium carbonate or borax will be useful The greater the concentra- 
tion of sodium carbonate the easier it is to remove the dye , but, at the 
same tune, loss is encountered on account of a portion of the lac also 
getting into solution and being washed away Hence a compromise 
has to be effected The advantage of washing with sodium carbonate 
will be clear from the following experiment A sample of 1 punki’ stick 
lac gave on machine washing with tap water a 68% yield of seed lac, 
20 gm of this seed lac required 82 c c. of sodium hypochlorite solution 
( containing 3% available chlorine ) for bleaching its alkaline solution* 
Further mechanical washing of this seed lac with 0 025% sodium 
carbonate solution resulted in a loss of 2% of seed lac But 20 gm. of 
this seed lac now required only 70 c c of the hypochlorite solution The 
concentration of the sodium carbonate solution could be increased up 
to 0 1% with beneficial results. 

In dealing with shellac we have to deal with different impurities, 
namely resin and orpiment Ream is present in most TN samples 
being added during its manufacture in order to help the melting 
of difficultly fusible lacs It has no adverse effect on bleaching, 
Orpiment on the other hand which is added to lighten the colour of TN 
shellacs has a marked effect in increasing the quantity of bleach re 
quired. So long as appearance remains one of the chief criterions m 
the purchase of shellac orpiment will continue to be an ingredient of 
TN grades. It is desirable to know, however, to what extent its 
presence can be tolerated in bleaching 

To obtain definite information on this subject it is necessary to 
compare samples made from the same seed lac with and without orpi- 
ment. This is of extreme importance as some dark coloured samples 
require more than twice the quantity of bleach that 19 required for 
light coloured ones. Seed lacs rang mg from fairly light colour to dark 
colour were taken and various amounts of orpiment incorporated. 
10 gm. of the above powdered samples were dissolved in 100 c.c* 
of sodium carbonate solutions of various strengths at 60°-65°C on a 
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water bath for 2 to 3 hours and the solution then decanted. Sodium 
hypochlorite solution whose available chlorine had been previously 
determined and adjusted to contain 47% available chlorine was added 
in lots of 3 c.c. in the beginning and in fractions of one c.c. towards the 
and of bleaching, ( the next lot being always added after ensuring the 
absence of free chlorine with the help of starch-iodide paper ). The 
results are incorp o rated in Table 1. 

Table I. 


Sample 

No. 

Orpiment 

content 

% 

1 

c.c. of bleach required in solution of 

1% NajCO» 

2 

2% NatCOi 

3 

5%Na,CO, 

4 

1 (control) 

i 

nil 

11 8 

140 

14 5 

2 

1 2 

12 1 


18 5 

3 

23 

12-6 

215 

| * 

4 (control) 

ml 

100 

• • 


5 



• • 

• 11 

6 

0 25 

10 5 


ft 

7 (control) 

ml 

ft 

12-0 


8 

0 08 


12 2 

• •• 

9 

015 

ft ft ft 

12*3 

•M 

10 

0 30 


13 4 

• is 


It will be evident from the table that with incraamng quantity of 
orpiment the amount of bleach required increases. With f yn 11 
quantities of orpiment, t e. below 0 i% the difference is «m«ii WhW> 
the concentration of alkali is increased, however, tbs d if fere n ce bh* 
comes marked (vertical columns 3 and 4 in Table I ). Thtg is to be 
expected as with increasing concentration of alkali mors orpiment goes 
into solution. It was also noticed that when the »i mm y sol ut io n 
were treated with excess of hypochlorite the controls took the Hi* 
tune to attain the light colour while the others took lotger periods js 
order of their orpiment content 

The bet that orpiment uses up a portion of the hypochlorite to 
established thus. A sodium carbonate solution of 0*1 gm. of precipi- 
tated orpiment ( AsiS, ) is left in contact with a known of 

standard sodium hypochlorite solution for 72 hours, tbs unused avail* 
able chlorine being determined at the sod of that period, It is haai 
















fHKEUUcHtHG Ot SHELLAC JOS 

by this method that 5-3 go. of sodium hypochlorite solution (haring 
4*76% available chlorine) is taken up by by 0*1 gm. of orpimant. 

The concentration of sodiom carbonate aohithm itself influences 
the amount of sodium hypochlorite consumed even when orpimant is 
absent This is clear from Table II. Vertical columns 2 and 3 represent 
in cc. the amount of bleach (having 5 % available chlorine) required for 
10 gm. of shellac. 


Table II. 


1 

2 

3 

Concentration 

Shellac 

Shellac 

of NajCOg 

(light coloured) 

i 

(dark coloured) 

i% 

110 

55 

2% 

115 

59 

5% 

13 5 

6* 5 


Increase of alkalinity often results in the precipitation of a gelatin- 
ous ma«n of shellac. Another danger of higher concentration of alkali 
is the hydrolysis that will be brought about while dissolving. It is 
therefore preferable to dissolve shellac in a carbonate solution less 
than 2 % strong. Some old lacs take longer time to dissolve in this 
concentration, preliminary swelling taking place before dissolving. 

When the pleaching operation involves the use of large quantities 
of hypochlorite the quality of the resulting bleached lac is generally 
poor. The colour is dull and the bleached lac soon becomes insoluble. 

Apart from the oxidation of the colouring matter during bleaching, 
chlorine adds itself at the double bond of the resinous constituents of 
shellac. Hence the iodine value decreases from about 18 in ordinary 
shellac to about 9 in bleached lac. Addition of a trace of cobalt 
hydrate is helpful during bleaching, the action of cobalt hydrate 
on sodium hypochlorite being the liberation of oxygen, which is suppos- 
ed to direct the process of bleaching chiefly towards one of oxidation. 
The presence of sodium silicate is also supposed to increase the 
efficiency of sodium hypochlorite. 

After completion of bleaching, the alkaline solution may be parti- 
ally neutralized and concentrated, and this solution can be used as 
such for playing cards, for stiffening felt hats, and as gloy substitute. 
For obtaining the solid resin the alkali is neutralized with hydrochloric 
aod ( dilute ), dilute sulphuric aod, or acetic acid. The first one gives 
a more granular precipitate of bleached lac, while acetic acid gives 
a product which has less tendency to beoome infusible. In order to 
mitigate the harmful effect of any free chlorine present the 
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solution is treated with sodium sulphite before the precipitation or, as 
recommended by Wataon and Mulany (8), the granular precipitate of 
bleached lac is treated with sodium thiosulphate solution before 
washing. The last traces of electrolyte which are ordinarily difficult 
to remove by washing can be removed from bleached lac by electro- 
dialysis. The resulting bleached lac can be stored in the form of 
dry powder ( vacuum dried containing about 6 % moisture ), or under 
water, or in the form of spirit varnish. When stored under water 
bleached lac retains its solubility for a longer time because the 
hydrochloric acid formed from the chlorine present in bleached lac gets 
diluted by the water Spirit solutions of bleached lac become nondry- 
ing when preserved for a long time. The chlorine present in bleached 
lac forms hydrochloric acid in presence of moisture which acts as 
a catalyst bringing about the esterification of bleached lac with alcohol. 
The ester being like molasses in consistency renders the film tacky. 
Owing to these defects too much time should not be allowed to lapse 
between production and consumption of bleached lac, 
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LIFE AND WORK OF SIR P. C. RAY, Kt., C.I.E., 

Ph. D., D. Sc. 

By 

MATA PRASAD, Me. 

Royal Institute of Science, Bombay. 

A brilliant chemist, Professor Sir P. C. Ray, is aptly known as 
the Father of Chemical Research in India. Not only he has been him- 
self enthusiastically engaging his attention in the pursuit of Chemistry 
but he has always been ready to sacrifice his all for inspiring the love 
for research among students who were fortunate to sit at his feet 

The Indian Chemical Society has recently published a Jubilee 
Volume to commemorate the valuable services rendered by Sir P. C. 
Ray to the cause of science. The publication, in this volume of the 
Bombay University Joproal, of the following short account of Prof. 
Ray’s life and the scientific work done by him will be a fitting apprecia- 
tion of his achievements. 

Prafulla Chandra was born on 2nd August, 1861 in a small 
village m Khulna District in Bengal. His father was a very enlighten- 
ed person and took keen interest in education. He himself was a good 
scholar of Persian and also knew a little bit of Arabic and Sanskrit. 
Being a person of advanced views he felt the need of educating the boys 
and girls of his village and to that end be started the first Girl’s School 
and a Middle English School, mostly at his own expense. 

Prafulla Chandra and his two elder brothers were given their 
early education at their father's school which is still in existence. To 
enable his elder brother who had passed the minor scholarship examina- 
tion, to prosecute his studies further the family moved to Calcutta in 
August, 1870. Prafulla Chandra was admitted into the Hare School 
where he had a very distinguished career. But in August, 1874 he got 
a severe attack of dysentry and had to give up his studies for two 
years. While a student of the Hare School and during his illness Pra- 
fulla Chandra read the works of several English writers and contwy.^ 
a liking for English literature. At about the same time ha was struck 
with the dose similarity of Latin to Sanskrit and lost no tune in learn- 
ing up the new language. 

After his recovery— the attack of dysentry having left him a per- 
manent valetudinarian— he took admission into the Albert School where 
bf was much liked by his class teachers and his liking for the Eiqfllab 
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literature grew into love because of the excellent method of teaching of 
Krishna Behaiy Sen, the rector of the school. 

After pacing the Entrance Examination Prafulla Chandra joined 
the Metropolitan Institution particularly with a view to receive in- 
structions in English literature, prose and poetry, from Sir Snrendia- 
nath Barter jee and Prasanna Kumar Lahiri who were distinguished 
teachers of the subject While a student of the Institution he was also 
attending the lectures in Physics and Chemistry at the Presidency 
College, Calcutta, as an external student It was at this time that the 
seeds for a rich harvest were sown. Prafulla Chandra was very much 
influenced by the lectures and the experimental skill of Prof. Sir 
Alexander Pedler and began to acquire a taste for chemistry. He soon 
saw that the future progress of India depended upon the advancement 
of scientific education. 

At about the same time Prafulla Chandra appeared privately for 
the Gilchrist Scholarship examination and was one of the two Indian 
winners. This gave him an opportunity to go to Europe to prosecute 
his further studies in chemistry. His parents did not object to his go- 
ing out of India and he proceeded to England with the idea of joining 
the University of Edinburgh which was in those days considered to be a 
seat of learning He received his lessons in chemistry from Professor 
Al exand er Crum Brown under whom he afterwards worked for the 
degree of Doctorate of Science. He took the B.Sc. degree in 1885 and 
D Sc. in 1887 on the submission of a thesis. Some of this work has 
been published in Dr. Ray’s first paper on 'Mixed double sul- 
phates of copper and magnesium group ’ m the proceedings of the 
Royal Society of Edinburgh. 

Dr. Ray was the recepieut of the Hope Prize Scholarship in chemis- 
try during 1887-88 and this gave him an opportunity of assisting Pro 
fessor Brown and Dr Gibson in the laboratory teaching. The same 
year he was elected as the Vice-President of the Edinburgh Chemical 
Society. Professor Sir James Walker who has lately retired from the 
chair of Physical Chemistry at the Edinburgh University and Profes- 
sor Hugh Marshall, the discoverer of persulphuric acid, were his 
colleagues at the chemical laboratory. 

In 1888, Dr. Ray returned to India. A year after, he was ap- 
pointed as an assistant professor of chemistry at the Presidency College, 
Calcutta, where he ultimately succeeded Professor Pedler. Soon after 
his appointment he started research work on various problems bat it 
was in 1896 that Dr. Ray made his celebrated discovery of mercorons 
nitrite. He found that when dilate nitric acid is placed la contact 
with mercury at about 30°, fine yellow n eedles of mercorons nitrite are 
deposited oa the surface of mercury. Thus be was tbe first not only 
tp indicate the qode of formation but also to isolate tip rpercoroag 
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•Alt which was than unknown to tbo chemical world. The results of 
this remarkable discovery were published the same year b the Journal 
of the Asiatic Society, Bengal, Zeitschnft fur Anorganischen Chemie 
and b the Proceedings of the Chemical Society, London, and Dr. Ray 
entered upon a new era of his scientific career. He then proceeded to 
study the chemical behaviour of mercurous nitrite and found that it 
slowly dissolves in the mother liqour forming (t) Hgi (NOt)a and ( 11 ) a 
basic nitrate. When a solution of mercurous nitrite is spontaneously 
evaporated (i) Hgi (NOi)i, 2 HjO, (u) two basic mercuroso-mercuric 
nitrites and (ui) a basic mercuric- mtnte are formed. When mercurous 
nitrite is dissolved in water 78% of it gets dissociated into mercurous 
mercury and mercuric nitrate, the limit to dissociation being caused 
by the formation of a stable compound mer cur oso- mercuric nitrite. 

While attempting to elucidate the mechanism of the formation of 
mercurous mtnte Dr. Ray took no tune m finding that the presence of 
nitrous acid is essential for the dissolution of mercury into mtnc acid. 
In the early stages of the reaction zutric acid and nitrous acid, which is 
always present in mtnc acid in small amounts, both react with 
mercury as 

2 Hg+NOi lH+HOl NO, * Hg» (NO,), +H,0 

Later on the nitnc acid reacts with mercuric nitrite yielding mercurous 
nitrate and nitrous acid. After some time the quantity of nitrous acid 
reaches a constant value and it then begins to act as a catalytic agent 
between mtnc acid and mercury. The third stage of the reaction is 
then represented by 

4 Hg+4 HNO,=Hg, (NO,), + Hg, (N0|),+ 2H,0 
The rate of this reaction of mercury with nitric acid was found by him 
to be influenced appreciably by the presence of other substances : it 
was retarded by ferrous and ferric salts and accelerated by the salts of 
sodium and manganese. 

When mercurous nitrite is heated it decomposes into mercurous 
nitrate and mtnc oxide mixed with very little mtrogen peroxide and 
there also appear small quantities of metallic mercury, orange coloured 
mercury oxide and a basic nitrate. In order to explain the formation 
of the products of decomposition Dr. Ray assigned the oxylic, HgO. NO, 
and the non -oxylic, Hg. NO,, formulae to mercurous mtnte and 
substantiated them by the reaction of ethyl iodide with mercurous 
aitnte m which both ethyl mtnte and mtro-ethane are obtained. 

Encouraged by these successes Dr. Ray opened up new avenues 
of research. From mercurous nitrite to mercuric and mercurous 
hyponitntes was the next step. With this end m view he treated a 
solution of mercurous mtnte with the sodium hypomtnte but found that 
g mixture pf mercuric god mercurous hyponitntes is formed* The 
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separation of the two hyponltrites was not difficult for him. He soon 
(bond that if the eolation of mercurous nitrite is first treated with 
sodium chloride and filtered and sodium hypomtnte is then added to 
the filtrate a fairly pure sample of mercuric hypomtnte is obtained. 
However, Dr. Ray found later that a pure sample of mercunc hypomtnte 
could be readily prepared by the action of a concentrated solution of 
potassium cyanide on mercuric nitrite. 

A pure sample of mercurous hypomtnte was obtained by precipi- 
tating ( 1 ) raercuroao-mercunc nitrite with crude alkaline hyponi trite 
and (it) mercurous nitrate with carefully neutralised sodium hypomtnte. 
The mercurous hypomtnte dissolves in dilute nitric acid but the 
solution becomes opalescent on standing due to its dissociation into 
mercury and mercuric nitrite On heating, mercurous hypomtnte 
decomposes The main products of decomposition are mercury, mercunc 
oxide and oxides of nitrogen with small quantities of mercurous nitrite 
and nitrogen. This led Dr Ray to conclude that while being heated 
only half of the mercurous hypo-nitrite exists in the oxyhc form 
Hg N O, while the other half assumes the unidic structure Hg O. N* 
N. O. Hg. 

When the filtrate obtained after the treatment of a solution of 
mercurous nitrite with sodium chloride was treated with excess of 
ammonia, a white precipitate of a new salt, dimercunammomum nitrate, 
2NHgiNOt,H s O, was obtained. This opened up a new field for in- 
vestigation and subsequently resulted in the preparation of a senes of 
compounds known as dimercunammomum compounds On treating a 
solution of dimercunammomum mtnte with IiCl and HBr, Dr Ray 
obtained another series of salts, mercunammomum chloride and 
bromide the latter on treatment with KOH gave dimercunammomum 
chloride and bromide. But the action of nitric acid on NHg s N0»,lH|0 
directly gave dimercunammomum nitrate identical with the compound 
obtained by the action of ammonia on mercunc nitrate. 

Dr. Ray’s work was now getting recognition. In order that Dr. 
Ray may come into touch with up-to-date methods of research the 
Government of Bengal deputed him, m 1904, to visit the chemical 
laboratones in Europe. During his short stay, he himself worked on 
the dimercunammomum compounds at the Davy- Faraday laboratory 
and met a number of distinguished chemists m England and on the 
continent, chiefly Sir William Ramsay, James Dewar, Tfrnil Fisher, 
van’t Hoff and Berthelot who were pleased to take him round their 
laboratories and to explain to him the important work done by them. 

On his return Dr. Ray started his investigation with redoubled 
vigour Because of its mutability, all attempts to obtain mercunc 
mtnte in the solid state had hitherto resulted in failure. Dr. Ray set 
himself to work on the preparation pf this unstable compound and 
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found that if equimolecular quantities of pure silver mtnta and mercuric 
chloride are nibbed together to a fine paste with water, a yellow 
solution is obtained and this on concentrating under vacuum over sulphu- 
ric acid yields tufts of fine needles of Hg (NOj)i. When the needles 
are exposed to air, they readily decompose but they could be kept as 
such indefinitely in completely evacuated sealed tubes Dr. Ray had 
thus discovered a new technique for the preparation of mercuric nitrite 
and was naturally led to the preparation of such other nitrites which 
easily decompose on exposure to air. He, however, boiled the mixture 
of silver nitrite and the chloride of the base in the case of burly stable 
nitrites. He thus prepared nitrites of the alkali metals and of metals 
of the alkaline earth, but later on he found it more convenient to use 
barium nitrite and the sulphate of the base for the preparation of the 
nitrites of other metals. In the same way by using silver nitrite and 
the hydrochloride of a number of alkyl, iso-alkyl, aryl and alkyl-aryl 
amines he succeeded m preparing their ammonium nitrites. But when 
he attempted to prepare these nitrites by using mercuric nitrite and 
alkyl and aryl amines, he not only obtained the alkyl and aryl ammo- 
nium nitrites but also a series of mercuri-alkyl and mercuri-alkyl-aryl 
ammonium nitrites. 

Having obtained the various nitrites by the method of causing the 
substances to react by rubbing them together into paste with water. 
Dr. Ray extended the use of this method to the preparation of double 
mtntes of mercury with those of other metals He thus obtained a 
series of mercuric alkali-metal and mercuric alkaline earth metal 
nitrites. Further he showed that these nitrites and the mercuri-alkyl 
and mercun-aryl ammonium nitrites are complex and not the double 
salts, the mercury forming the complex anion and the alkali metals 
and metals of the alkaline earth the cation. 

An attempt was then made to study some of the physical and chemical 
properties of these mtntes. He mainly studied their molecular volumes 
and the action of heat upon them. It was found that all mtntes decom- 
pose on heating. The decomposition products of the mtntes of alkali 
metals and those of alkaline earth were in general, oxides of nitrogen 
and a basic nitrate which on further heating broke up into oxygen and 
the oxide of the metaL But the alkyl and the aryl ammonium nitntes 
did not show any regulanty in their behaviour on heating. In general 
they decomposed into nitrogen or oxides of nitrogen and some other 
alkyl and aryl compound depending upon the nature of the 
alkyl and the aryl group in a particular nitrite. Whilst Ray 
was u the midst of discovering new series of compounds he 
ynu called away from his work and had to proceed to Europe for the 
third tune to represent the Calcutta University at the Copgnm pi the 



Journal dp the uttivttRsffy o* BOWbAt 


hi 

Universities of the Empire in 1912 at London. He made the beat use 
of this opportunity by reading a paper on the vapour density of am- 
monium nitrite before the Chemical Society. Dr. Ray had- previously 
discovered that contrary to text-book statements, ammonium nitrite 
could be obtained in a stable crystallized condition. When an aqueous 
solution of the salt is heated at 37-40° in vacuum only a small amount 
is decomposed and at 70° most of it sublimes unchanged. It created a 
mild sensation amongst the chemists when Dr. Ray presented the 
vapour density data, obtained with the assistance of Dr. N. R, Dhar, 
which showed that ammonium nitrite unlike ammonium chloride does 
not undergo dissociation. 

While m England, he received an invitation from Sir Asutosh 
Mukherjee, the Vice-Chancellor of the Calcutta University, to occupy 
the newly founded chair of chemistry at the University College of 
Science, Calcutta. He gladly accepted the offer and retired from the 
Presidency College in 1916 to take up the newly created Paht Pro- 
fessorship in Chemistry — the chair which he holds uptill to-day. 

Dr. Ray's later work, carried during the years 1912-1916 at the 
Presidency College and from 1916 onwards at the laboratories of the 
Science college, forms a very important contribution to synthetic 
chemistry and the varying valency of certain metals. The method of 
preparing nitrites described in the previous pages was extended to the 
case of several other metals and cadmium, zinc and gadolinium nitrites 
were obtained. Also a series of alkaloidal derivatives of mercuric nitrite 
was prepared and the electrical conductivity measurements of aqueous 
solutions of some of them confirmed the previous conclusions that these 
are complex and not the double compounds. In a similar way a senes 
of mercun-alkyl and rnercuri-alkylaryl-ammomum chlorides was 
obtained 

When mercuric nitrite was treated with mercaptans, mtromercaptan 
R S HgNO* and compounds of the type R S.HgNOf,Hg(NOj)i were 
formed. Et S.HgNOj with ethyl iodide yields yellow tablets of Et|S|. 
Hglj.Etl which has been shown to be a sulphonmm derivative, SRR'l. 
SRI. Hgl. 

When mercury mercaptide nitrite was similarly treated with butyl 
iodide it was found that one of the methyl groups is replaced by the 
butyl, yielding MeSi C 4 H®,HgI*.C 4 H 9 l. It was observed that, m general, 
the lighter radicals are invariably displaced by heavier ones. Later ex- 
periments, however, showed that the ethyl group could be replaced by 
methyl provided the methyl iodide is taken in large excess, the displace- 
ment of one group by another being governed by the Law of Maas Action. 

Only two atoms of iodine of the sulphonmm compound were found 
to be replaceable when its aqueous solution was treated with AgNO» 
for, as will be seen from the general formula, 
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the third atom of iodine forms a part of the complex radical (Hgl)* 
However m acetone eolations, Dr. Ray found that all the three atoms 
of iodine are precipitated quantitatively by AgNO* He thus discovered 
a method of preparing a series of disulphomum compounds in which all 
the atoms of iodine are replaced by other acid radicals on treating the di- 
stil pbonmm iodide by an acetone solution of the silver salt of the radical. 

When 2-thio-3 phenyl- 2 3 dihydro-1. 3: 4 thiodiazole disulphide 
was treated with HgNOi and the resulting product allowed to react 
with alkyl iodide an open chain compound was obtained, 

ll R Hgl R 

R. N Ph. N: CR— S SR *NR».N- CR.S S.R 

11 , I I 

II II 
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H|I R 
NRi • NR ■ CR.* S 
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But if the reaction with ethyl iodide is carried out in carbon d i sul p hide 
solution a ring compound is obtained, 

Hgl Et 

N. Ph. N Et 1 1 | N NPh 

I >CS-— S.C< | 

CS S | | S CS 

I I 

When the dimercaptana of which 2:5*dithiol*L : 3 : 4- thiodiazole is 
a typical example, are similarly treated with HgNOi, the nitrous sod 
disengaged in the reaction, oxidises the hydrogen atoms of two or more 
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and yields a closed chain solpbozy compound. Alkyl iodides rupture the 
ring and compounds of the type 



R" — S — S — R" — S— S — R" — S — Hgl are formed. 

II II I 


The K-atom of the potassium salts of the cyclic complex mono* 
mercaptides was found by Dr. Ray to be singularly reactive towards 
halog e nated organic compounds. But the potassium salts of the 
dunercaptides were almost inert because two SK groups of these salts 
exercise an inhibitory influence. The reactivity is, however, greatly 
enhanced by the introduction of a negative group like (NO|). The 
electrical conductivity data in acetone solutions showed that these di- 
sulphonram derivatives behave like true salts. 

But while attempting to prepare the sulphomum derivatives of 
other metals by the method described above, Dr Ray found that «n«*aaA 
of R»SiMIt, RtSI.MIi and 2RtSI.MIi (where M s Cd or Zn) were 
Invariably obtained. By modifying the conditions of the reaction he 
also succeeded in preparing the corresponding mercury compounds* 
From a comparison of these two types of compounds with KHgli And 
KiHgl* the structures RiSMIt and (R|S)|. MI, were assigned to them. 
Antimony halide under similar conditions gave a number of complexes 
of the type SbX*R»SX and (R|S)i> SbX# (X B I, Br, or Cl and R ■ alkyl). 
On the other hand hydrochlor-aunc acid, auric chloride and silver 
nitrate yielded additive compounds of the type AuClt.RiS, AuCl. RtS 
AgNOfRiS and AgNO|. RiS,. 

Dr. Ray prepared another series of interesting compqunds by 
passing steam for a very long time over a mixture of ethylene dibromide 
and potassium hydrogen sulphide. The milky distillate after the re* 
moval of alcohol and ethylene mercaptan solidified to a crystalline mass 
whidi was found to be triethylene trisulphide (CfHJiSs — this formula 
preferred because of the formation of the compound (CsHJtSi. 
PtCl*. The non-volatile oily residue was, on the other hand, found to 
be a mixture of three polymeric tnethylene tetra-sulphides. By the 
action of mercuric nitrite and mercuric chloride on theee sulphides, 
derivatives of the type (C|Hjj^».2Hg (NO0i and (C$H4)|S|.3HgCl( 
were obtained. The sulphides and their derivatives, on oxidation with 
KMnO« or dilute HNOa yielded various sulpbones, sulphinic and 
sulphomc add derivatives. 

By the interaction of ditluoethylene glycol and CtHiBr, 1: 4* 
d jttwm was prepared. The polymer of dithlan obtained by Victor 
Meyer was found to be a mixture of brominated long chain compound. 
The compound, Br. C,H« (SCjHj«Br, found in the mixture was the 
first instance of crystalline organic sulphur compound having a very 
high molscnlar weight (3068). 
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In 1915, Dr. Ray had found that with chloride, ittyl 

mercaptan yields under normal condi t ions chloroplatinum msrcaptide 
(Ets)*.PtCl and under special conditions (EtjS)|Pt Alsoditiuo-ethyleoe 

glycol yields a chloromercaptide Ci ^ Pt CL S. CA SH. In 

all these compounds he showed that platinum acts as a tri- or 
divalent element and contrary to the views held by Reynolds, Pritonoue- 
Seidler and Kurnaker, forms a part of the complex radical. On 
Werner's Co-ordination theory Dr. Ray represented the complexes 
(EttS),. PtCU and (Et,S)i PtCl, as 



As expected from these constitutions the compounds were found to be 
non-electrolytes. A direct proof of the variability of valency of platinum 
was obtained from the study of the reaction between platinic chloride 
and ( i ) 2-thiol-5*thio*4-phenyl-4 5-dihydro-l . 3 : 4-thiodlazole 
Ph. N N 

| >C SH and (u) dlthioethylene glycol CtH 4 (SH)|. Using 
S.C S 

solutions of different concentrations and carrying out the reaction at 
different temperatures it was found that compounds Pt (S. CjH*. SH)* 
where x ■ 3,4, 5,6 or 8, were obtained. At room temperature the hexa- 
compound was invariably formed, but at lower temperatures, the 
octa -com pound and at higher temperatures, the tn-,tetra- and panta- 
com pounds were obtained. Also when the reaction was conducted at room 
temperature with a dilute solution, the penta instead of the hexa- 
compound was formed. Thus Ray concluded that the valency of 
platinum is a function of temperature and the concentration of the re- 
actants and explained the formation of these compounds on the kinetic 
theory of molecules. 

In order to obtain farther evidence for the varying valency of 
platinum Dr. Ray studied the action of ethyl and methyl sulphides on 
platinic chloride and obtained a senes of compounds like Rf&PtCl, 
(RjS),.PtCl, (six isomers), (R f S) t .PtCl|, (R s S)»PtCl«and (R,S)».PtCI,, 
2H|0, some of which were assigned constitutional formulae on 
Werner's theory. The above complex compounds when treated with 
aminnm, and other organic bases yielded products which throw consi- 
derable light on the constitution of the parent bodies. All tbs six 
isomers of (Et»S)|.PtCl» gave the same product according to thp 
following:— 
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The above reaction in which any organic base can be subetitated for 
ammonia, shows that the alkyl sulphide can be •w-hany ri by NH» and 
the organic base. Bnt in a similar reaction with (EtiS)|PtCli, PtClj 
4NH| was isolated from the reaction product and this indicated that it 
is not a co-ordination but a molecular compound of the stru c tur e 

[(EtjS)i PtO l ] [(Et > S).Ptal 

Farther, some compounds were prepared by the action of chloro-platfaik 
add on triethylene tnsnlphide and benzyl and methyl sulphides. These 
also confirmed the varying valency of platinum and the constitutions of 
some of them could be represented on Werner's theory while others were 
shown, by the reactions indicated above, to be molecular compounds. 

In alcoholic solution some of the platinum compounds undergo 
polymerisation. Thus EtjSj.PtCl polymerises into 


Et— s Pt a 

■ i 

apt s-Et 

i I 

Et— S S-Et 

\«Pta 
I 

Et 

In which case platinum again behaves either as a tri-or pents-valent 
element 

Gold was also found to exhibit similar variations la valency 
forming compounds with mercaptans and organic sulphides in which k 
acts as di-, tri,- tetra-and pen ta valent element AuG* and EtfSf gave a 
compound 2AuCl|.Et|Sj m which gold is divalent. The s a me halid s 
reacts with monopotassium salt of dithloethylene glycol yielding a 
compound re pr e s e n ted as 

II S.C,H4.S m CH|— S S-CH, 

Au< >AuQ or | >An< | An Cl 

S.C,H|.S CH|— S S-CHi 

Gold in these compounds behaves as di-, tri-or tetxavalent el e m en t. If 
a shniif reaction with sodinm dithloethylene glycol be carried out is 
g^tope solution, a pentavatont fold compound 
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W 



is obtained. 

When beaxal-diethyleae tnaulphide was similarly treated, com p o un d^ 
of the type 6R. Au^Cli j 3R.A u i C l> , tRiAojCl^ j 4 R«Au|Cl| J 3FLAugClg j 

SR. AqiCIi (where R-S<^>S, 1: 4-dhhian) were obtained. 

Some of these compounds were shown to be sulphomum derivatives in 
which An shows variable valency while others ware found to bo 
molecular compounds. 

Similarly when iridium tetrachloride waa treated with methyl, 
ethyl and diethyl sulphides it gave the compounds IrCla.3Me A IrCl* 
2MoiS, InCMMeiS, IrCl*. 3EtA Ir*CU. 4Et»S and (IrCl,). 3EtA. 
This indicates that indium like platinum and gold has also a variable 
valency. Indium compounds were found by Ray to be much mom 
alible than the correspo n ding platinum compounds. IrCl*.2M*,S 
resisted all attempts to split up into IrCl*.2MetS and IrCI*.2Me£ and 
was therefore represented as 


( 


Q Me»S 1 

>Ir< 

Q MetS J 


a 


The compounds IrCl*RiS which have no platinum analogue (R“ alkyl 
group) were on the same grounds assigned the structure 



While Dr. Ray was preparing new series of interesting compounds 
he did not let tho work on double salte which formed the starting point 
of his r e s earch career to be at all neglected. He prepared (i) double 
•ulphataa of the type M"SO*. (R*S)|. S0#XH,0 (where M"— Zn, Cd, 
Mg, Mo, Cu, Ni, Co, Fe), (li) salts of the type (a) X f BeF*YS0«6H«0 
which are isomer phoos with double sulphates and flooberyllates and (b) 
MPOiFXHiO; MSO* (NH 4 )sPO l F^H f O ; and (NH 4 ).P0,F f Al I 
(PO»F)i,24HiO which are iaomorphoas with sulphates, doable eulphatee 
and alums, respectively. It will be seen that in the (b) daae of 
compounds (POiF) radical behaves like SO# 

This account of Dr. Ray’s activities as an investigator shows what 
an enonnov amount of research work (vide Bibliography at the end) 
has been published from his laboratory. Moat of this work is the 
ontoomo of his peat discovery of the mrcufow and tofc w te atttftfg 



318 


JOURNAL OP THE UNIVERSITY OP BOMBAY 


for which Armstrong has rightly given him the muna 'Master of 
Nitrites'. The earlier work was singly carried oat by Prof. Ray bat 
much of his later work has appeared jointly with students who from 
tune to tune took the degree of the Doctor of Science on the presenta- 
tion of a thesis and some of them were the recipients of the Blue Ribbon 
of the Calcutta University — the Premchand Roychand Scholarship. 
Dr. Ray's first research scholar was Jatindra Nath Sen and prominent, 
among those who followed are Panchan Neogi, A tul Chandra Ganguli, 
Atal Chandra Ghose, Hamendra Kumar Sen, Jitendra Nath Rakshit, 
Rasik lal Datta, Nilratan Dhar, Manik Lai Dey, Janendra Chandra 
Ghosh, Prafulla Chandra Gaha and N. Adhikary. Prof. Ray is equally 
proud of Janendra Nath Mukherjee, Satendra Nath Bose, Pulin Behan 
Sirkar, Meghnath Saha, Biman Behan Day, Prafulla Chandra Mitra, 
Priyadaranjan Ray, Janendra Nath Ray and Jogendra Chandra 
Bardhan who studied under him for their undergraduate courses. 
These scholars have distinguished themselves with their mentonous 
work, receiving international recognition, and most of them are to-day 
occupying the professorial chairs in several colleges and Universities 
in India. 

Dr. Ray’s activities were not merely confined to the experiments 
carried out in the chemical laboratory but his knowledge of chemistry 
led him to establish what is now known as the Bengal Chemical and 
Pharmaceutical Works Ltd. at Calcutta for the manufacture of drugs 
and chemicals. It is striking to find that these works which were 
started m a small house with a meagre capital of Rs. 800/-, are now 
spread over an area of 60 acres employing 2000 men and then: present 
assets amount to half-a-crore of rupees. In this enterprise Dr. Ray 
was assisted by his friends, chiefly by Amulya Char an Bose and Satis 
Chandra Sinha m the early stages of the evolution of the works. To- 
day the various departments of the works are looked after by expert 
chemists who are Dr. Ray's students and they, under his able guid- 
ance, have succeeded in raising the works to their present status. 

But while engaged in the laboratory work Dr. Ray devoted his 
tune equally to studies. Being gifted with the art of writing, he has 
published several books on scientific subjects both in F.nghah and 
Bengali. His monumental publication is the History of Hindu Chem- 
istry the first volume of which appeared in 1902 and the second one 
five years later. In these two volumes Dr. Ray has shown that Indian 
alchemy is of an indigenous origin the ancient Hindus, for example, 
were argnamted with the processes of sublimation and distillation, 
could distinguish between mild and caustic alkalies and identify the 
metals by the colouration of the flame etc. These volumes won for 
him appreciation both from India and from other parts of the world. 
The book was reviewed in glowing words by eminent perso na in fufft 
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of tbe Journals and papers m India and Europe. Bertbelot rema rked , 
'A new and in teres ting chapter has been added to the History of Sci- 
ence and human thought.’ The University of Durham conferred npon 
him the honorary degree of D. Sc in 1912 chiefly in appreciation of 
die History of Hindu Chemistry. 

In 1924 Dr Ray with the assistance of Dr. J N. Mnkherji, Dr 
J. C. Ghosh and Dr S. S. Bhatnagar succeeded in laying the founda- 
tion of the Indian Chemical Society of which he is the foundation 
Fellow and a Patron. The Society elected him as its first president 
and availed of his vast experience and knowledge m guiding its work- 
ing in its early life. 

On account of his meritorious work and distinguished career Prof. 
Ray has been honoured from time to time both by the Government 
and the scientific organisations in India The University of Calcutta 
conferred upon him the Honorary degree of Ph D in 1908. The 
Government of India honoured him with the title of C. I E. in 1912 
and with Knighthood in 1919 The Indian Science Congress elected 
him as its president in 1920 and various Universities in India invited 
him to deliver an address at their convocation meetings. H E. Arm- 
strong has remarked in an article to Nature "Our recognition of Ray's 
Services, as chemist, as teacher, as historian and as a founder of a great 
national school of scientific inquiry, is long overdue — it is nothing short 
of a reproach to our Royal Society that it should hitherto have been so 
narrow m its outlook as not to include his name in the roll of Fellow- 
ship” 

Although Prof. Ray's life is full of activities of a scientific charac- 
ter it is noteworthy to find that he gave his fullest share to the acti- 
vities outside the test-tube. He has been seen working energetically 
with the rescuers m times of floods and famines. Being a r ationalis t 
in his views, he has ever taken a keen interest in reforming the social 
shortcomings in communal and religious bodies 

Prof. Ray is a living embodiment of the nig-rim 'Plain living and 
high thinking*. Be mg a man of ascetic disposition he is ever ready to 
benevolently help the poor with his purse. His earning* as professor 
and gams from the Bengal Chemical and Pharmaceutical Works are 
spent on charities. Mr. Padmrni Mohan Neogy writing about the 
philanthropy of Prof. Ray in the Indian World says, . . How often 
have we seen wretched young men, wretched on account of poverty, 
going up into his laboratory room where they laid bare their heavy 
bosoms, and he the father of them all, fondling with all the affection as 
though they were his own....” Like a true Guru, Acharya Ray, as he 
Is usually called, has not only helped his students with money but has 
■pant tbs bast port of his life in training them. He considers these 
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young worker* to be the richest tree wire which h* could hq—th to 
the scientific world. 

Poor in health— dy s p e psi a and insomnia bring his c hr oni c cam* 
plaint* — Prof. Ray takes every day what he calls constitutional walks 
and is full of vigour. Besides devoting his time to other activities 
which are engaging his attention at present. Dr. Ray, now seventy* 
two years of age, still pursues his scientific researches and one can find 
a paper by him along with his pupil in the recent issues of the Journal 
of Indian Chemical Society. Let me end this short account of Dr. 
Ray’s life— an account which is by no means an exhaustive one — with 
a prayer to the almighty “May he live long to inspire ns with his ax* 
ample and precept.” 
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69. Equivalent conductivity and ionisation of nitrites, P. C. Ray 
and Dhar, T. f 10. 

70 The vapour density of ammonium nitrate, benzoate and 
acetate, P. C. Ray and S. C. Jana, T., 1565 , P., 234. 

71. Vapour density of ammonium nitrate, Ray and S. C. Jana, 
P., 28. 

72. Nitrites of the alicyclic ammonium series; nitrosopipera- 
zinium nitrite, P C. Ray and J. N Rakshit, T„ 1 

1914 

73. Additive and substitutive compounds of mercuric nitnte 
with organic thio-derivatives, I P , 140 

74. Action of nitrous acid on dimethyl piperazine, P , 143. 

75. The action of mercuric, cupric and platmic chlorides on 
organic sulphur compounds, P , 304 

76. Place of mercury in the periodic table, A., u, 271. 

1915 

77. Interaction of dimercuriammonium nitrite and the alkyl 
iodides, T., 1251 , A , i. 934. 

78. Action of monochlor -acetic acid on thiocarbamide and mono* 
alkylated thiocarbamides, P C. Ray and F. V. Fernandes, T., 2159; 
P„ 181. 

1916 

79. Mercury mercaptide nitrites and their reactions with alkyl 
iodides, T., 131, 603 ; A , i, 246, 542. 

80. Molecular volumes of the hypomtntes of the alkali metals 
and the metals of the alkaline earths, P. C Ray and Rajendra lal De 
T. 122, A. li. 186. 

81. Interaction of iodine and thioacetamide in aqueous and alco- 
holic solutions, Ray and M. L. Dey, T., 698 ,' A., i, 633. 

1917 

82. Mercury mercaptide nitrites and their reactions with the 
alkyl iodides, T , 101 , A., i, 194. 

83. Cadmium and zmc nitrites, T., 159 , A., n, 208. 

84. Alkaloidal derivatives of mercuric nitrite, T , 507 ; A., i, 470. 

85. Synthesis of -thiocrotomc acid, Ray and Manik Lal Dey 
T., 510 ; A., i. 441. 

86. Velocity of decomposition and the dissociation constant of 
nitrous acid, Ray, M. L Dey and J. C Ghosh, T., 413 , A., it, 301. 

1919 

87. Mercury mercaptide nitrites and their reactions with the 
alkyl iodides, T., 548. 

88. Interaction of mercuric and cupric chlorides respectively 
mid the mercaptans and the potential mercaptans, T., 871. 
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89. Mercury mercaphde nitrites and their reaction with the alkyl 
iodides. Parts IV, V, VI P. C. Ray and P. C. Guha, T, 261, 541, 1148. 

SO. Reaction of the potassium salt of 2-thiol-5-thio-4-phenyl-4 
5-dlhydro-l . 3 . 4-thiodiazole and 2 5dithioM 3 4-thiodiazole with 
halogenated organic compounds, P. C Ray, P. C. Guha and R. K. 
Das, T., 1308. 

91. Mercuric sulphoxychlonde, Ray and P. K. Sen, T., 552. 

1920 

92. Triethylene tri-, and tetrasulphides, I, T., 1090. 

1921 

93- The molecular conductivity of some sulphomum compounds 
in acetone, Ray and Kalikumar Kumar, T., 1643. 

1922 

94. Triethylene tn-, and tetrasulphides Part II. T., 1279. 

95. Chloropicnn as a reagent for the diagnosis of mercaptana 
and potential mercaptan s, Ray and R K. Das, T., 323. 

1923 

96. Varying valency of platinum with respect to mercaptmic 
radical, T„ 133. 

97. Triethylene tn-, and tetrasulphides III. The sulphones 
sulphinic and snlphomc acids of the senes , extension of Staffer's Law, 
T., 2174. 

98. Mercaptana of the purine group I. Ray, G. C. Chakravarti 
P. K. Bose, T., 1957. 

1924 

99. Synthesis of cyclic polysulphides I. A., l, 759. 

100. Varying valency of gold with respect to mercaptmic radi- 
cals J. Ind. Chem. Soc., 1 , 63. 

1925 

101. Oxidation of tnethylene tetrasulphide by means of potassium 
permanganate, ]. Ind. Chem. Soc., 1 , 207. 

102. Varying valency of platinum with respect to mercaptmic 
radicals II. P. C. Ray and K. C. B. Ray, Jour. Ind Chem. Soc, 
2 , 178. 

1926 

103 History of oxygen, J Ind. Chem Soc , 3 , 1 

104 Tnethylene trisulphide and 1 4-dithian, J Ind. Chem. 

Soc., 3 , 73 ( P. C Ray and K C Boae-Ray ) 

105 Lengthened chain compounds of sulphur, J Ind. Chem. 
Soc., 3, 75. ( Ray and Bose-Ray ) 

106 Synthesis of condensed hetrocychc systems; interaction 
between 2: 5-dithiol-l 3 4 thiodiazole and organic dihalides, P. C 
Ray and B. C. Guha, J Ind. Chem. Soc., 3, 23. 
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107. Varying valency of platinum with respect to mercaptinic 
radicals III and IV Ray, Gnha and Base-Ray, J Ind Chem. Soc* 

3 , 155, 358. 

1927 

108. Lengthened chain compounds of sulphur. Nature, 119 , 124 
109 Variability of valency, J Ind. Chem Soc. 4 , 89 

110. Double sulphates of the copper magnesium group and the 
sulphomum bases, Sir P C Ray and N Ray, Jour Ind Chem. Soc., 

4 , 37 

111 Varying valency of platinum with respect to mercaptinic 
radicals VI, P. C Ray, Bose -Ray and Adhdran, Jour Ind. Chem. Soc. 

4 , 467. 

1928 

112. Varying valency of platinum with respect to mercaptinic 
radicals VII, P. C. Ray, Bose- Ray and Ray-Chaudhn, Jour. Ind. 
Chem. Soc., 5, 139. 

113 Double sulphates of the copper-magnesium group and the sul- 
phomum bases II. P. C Ray and N. Ray, Jour. Ind. Chem. Soc , 5, 69, 
114. Complex compounds of gold with mercaptinic radicals II. 
Residual affinities of chloro-auric acid, P. C. Ray and Bose-Ray, Jour 
Ind. Chem. Soc., 5, 527. 

115 Tetraethyl Phosphomum nitrite, P C. Ray and N. Ray 
Jour Ind. Chem. Soc. 5 , 733. 

1929 

116. Isomorphism and homology, Nature, 124 , 480. 

1 17 New type of complex compounds, ter-, and qumque valent 
platinum, P. C. Ray and Bose-Ray, Z. anorg. Chem., 178 , 329 

118. New series of double sulphates of the copper-magnesium 
group and the phosphomum bases I, P. C Ray and N Ray, Jour. Ind* 
Chem. Soc., 6 , 27 

1 19 Synthesis of lengthened sulphur chain compounds, Ray and 

5. K. Mitra, J. Ind. Chem Soc., 6 , 865. 

120. Action of bases on complex compounds derived from orga- 
nic thio-compounds and platimc chloride, P. C. Ray and P. C. Mu- 
kherjee, Jour. Ind. Chem. Soc., 6 , 885. 

1930 

121 Chemical elements and compounds, J. Ind. Chem. Soc* 7 , 1. 

122 Isomorphism and chemical homology, Nature, 126 , 310. 

123. Complexes of mercuric iodide with alkyl sulphomum iodides, 
Ray and Adhikary, J. Ind. Chem. Soc., 7 , 297. 

124. Complex compounds of chloroferric acid with organic sul- 
phur compounds , the analogy of gold and iron compounds, P. C. Ray 
gnd Mukherjee, Z. anorg. Chem., 187 . 121, 
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125. Complexes of gold chlorides with organic sulphides, P. C. 
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126. Isomorphism and chemical homology, Nature, 127, 631 

127. Synthesis of ethyl thio acetoacetate, Nature, 728, 189 

128. Complexes of antimony halides with sulpbomum halides. 
P. C. Ray, Adhikan and A. N. Ray, J Ind. Cbem. Soc., 8, 251. 

129. Complexes of antimony trichloride with organic sulphides, 
Rqy, Adhikary and A. N. Ray, J Ind Chem. Soc , 8, 7 II. 

130. Reaction of sdver nitrate with organic sulphides, Ray, 
Adhikary and H. Ray, J. Ind. Chem. Soc., 8, 689. 

131. New types of complex compounds of ter-, and qumqueva- 
lent platinum, Ray and S C. S. Gupta, Z anorg. Chem., 198, 153. 

132 Compounds of metallic salts with organic sulphides, Jour. 
Ind. Chem. Soc., 8, 537 

133. Complexes of zinc and cadmium iodides with alkylsulpho- 
nmm iodides, Ray, Adhikary and Banerjee, J. Ind. Chem. Soc., 8, 739 

1932 

134. Complex compounds of iridium I Compounds with organic 
sulphides, Ray and Adhikary, J. Ind. Chem Soc., 9, 251. 

135 New types of complex platinum compounds. Ter-, and 
qumque valent platinum IV. Z. anorg Chem, 20 3, 401. 

1933 

136 Complex compounds of iridium Part II Compounds of 
organic sulphides and pyridine, P. C. Kay, Adhikary and R. Ghosh, 
Jour. IncL Chem. Soc., 10, 275 

137. Thioketonic esters Part III. Alkylation of ethyl thioaceto- 
acetate, P. C Ray, S. K. Mitra and N. N. Ghosh, Jour. IncL Chem 
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AN INDIAN HYGIENE MUSEUM 
By 

GILBERT ] FOWLER, D Sc., FJ.C. 

In one of those fateful years when the war clouds were already 
banking up on the horizon of Europe, the present writer found himself 
a member of a small executive committee charged with the task of col- 
lecting guarantees and donations towards a British pavilion at the 
great International Exhibition of Hygiene, which was then in course of 
erection at Dresden 

Great difficulties had been encountered in raising money for this 
British effort, owing in part to the strained political relations which 
even then existed between the British and German Governments* 
However, with the assistance of Sir Thomas Barlow, Physician to 
King Edward the Peacemaker, and his distinguished confrere Sir 
Lauder Brunton, these difficulties were eventually overcome and a 
first rate Pavilion was erected in a prominent position in the exhibition 
grounds In this building were set out valuable exhibits illustrating 
the progress of Hygiene and Medicine in Great Britain Actually a 
surplus of funds was realised after paying all guarantors, these funds 
were devoted to the support of institutions concerned with health and 
physical development 

While the Exhibition was in progress the writer was privileged 
to visit it as a member of a deputation from the Corporation of 
Manchester, and to study those exhibits m which he was particularly 
interested Among these, memory recalls pictures and models showing 
the progress of urban sanitation through the centuries, the dreadful filth 
of medieval towns being compared with the cleanliness and brightness 
of a modern city 

In the spacious hall entitled “ Der Mensch ” ( Man ) dominated 
by a great 9tatue illustrating the physical ideal of homo sapiens, were 
grouped exhibits showing the perfect conditions to be observed from 
childhood to age, if this physical perfection was to be attained In 
those days vitamins were not so much m the foreground, but food 
values and calories were amply illustrated. In other halls there were 
exhibits of a more medical nature and concerned less with health than 
with disease The utility of these exhibits may perhaps be questioned, 
though their object no doubt was to warn by fear, if encouragement by 
the reward of health should be inadequate 
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Along these halls passed throughout 
simple studious people, many of them obviMSly from fb$ 
sad all of them absorbing earnestly in conscientious GtjpUtt 
the education set before them 

With these memories m his mind the author was surprised <ESp 
day to note in The Times of India a paragraph descnb ng a pm* 
poaal for a Hygiene Museum for Bombay based on the Dresden modal 
He then learned that the Exhibition of 1911 had become a permanent 
national Mnseum and a centre from which help of every Icmd was 
willingly gven to those who might be engaged in similar activities 
elsewhere 

It was further learned that the pr me mover in the Bombay 
scheme Mr G M Jadhav was educated at the Manchester Gram 
mar School and afterwards became foregn language master there, 
where dreams and ideals of service had been born m him altogether 
a strange coincidence The original idea based on the Dresden model 
has been extended to include other subjects of general human interest 
following the plan of the great Museum at Munich which sets out to 
illustrate the activities of mankind through the ages 

It is now proposed to have not one but eight Museums as 
follows — 

Indian Hygiene Museum 
Technology and Engineering Museum 
Museum for Sociology and Economics 
Museum for Agriculture 
Science Museum 
Evolution Museum 
Trade and Commerce Museum 
Geography and History Museum 

An excellent site has been earmarked on the new Back Bay Reolft* 
mation and it remains for all well wishers of India to support the 
scheme by their interest, work, and financial generosity 

With his experience of the British Pavilion at Dresden in his 
mind, the writer cannot doubt that if the will is present, needful finance 
will be forthcoming 

Sorely no object can be more worthy than the creation of a centre 
of enlightenment and mass education of the simple people of the new 
India which, a spite of politicians is rapidly coming into being 

Anyone who has had charge in India of a Museum or even of 
Laboratories m which interesting and novel experiments are going 
forward will not need to be convinced of the appeal which tea dung by 
the eye makes to ordinary folk of India The writer must confess 
that he was sometimes concerned for the amenities of his bacterio- 
logical laboratory when it was invaded by happy families of s ightseers, 
rr 



tofao MpecBaas of dost d the highway which they brought witty 1 
them, cute fat eagsf crowds from time to time within the aaprpd 
precincts 

Official reports from the Calcutta and Madras Museums confirm 
this eagerness for information on the part of the Indian masses 

The writer a recollection of the Anooats Art Museum planted as 
it was in the most dingy and depressing quarter of Manchester, en- 
courages him to believe m the even greater usefulness of the propoeed 
Indian centre 

Just as the Dresden and Munich Museums send out inspiration 
and literature to all who desire them so will these Museums in 
Bombay serve to feed smaller centres and thus spread enlightenment 
throughout the country 

Already more than one energetc Director of Public Health is 
making use of Models and pictures of all kinds to educate the villagers 
during Health Weeks and other such public occasions 

With the coming of broadcasting these exhibits and the cheap 
literature which it is also hoped to provide can be explained in simple 
vernacular language to the rural population 

Already through the energy and idealism of the Honorary Secre* 
tary of the movement Mr G M Jadhav a beginning has been made 
with the distribution of such literature 

Those interested can obtain pamphlets and other information 
which they may desire from Mr Jadhav at Farsi Bombay 

Surely this is an object in which all may unite without distinc 
don of caste creed or race and thus beyond its immediate objective 
the scheme will play a nohle part in spreading the spirit of goodwill 
which is the greatest need of India and in dee d of the whole world 
today 




The proposed site of the Museum in Bombay, 





Summaries and Abstracts of M. Sc. Theses 
for 1932-1933. 


1. — “ Sowed Biochemical Aspects 
of th e Physiology of Sandal ” 
( Santalum album Linn). 
Baing a part of tha thosu sub- 
mitted by Mr. Y. V. Sree- 
NTVASA Rao, Deportment of 
Biodiemictry, Indian Institute 
of Science, Bangalore, for the 
award of the Degree of Master 
of Science, University of 
Bombay. 

Historical and general intro- 
duction . — A historical survey of 
the growth and spread of sandal 
In South India is given. The place 
of sandal m the economy of natnre 
and its economic importance to 
India axe indicated. It represents 
one of the few parasites which 
have an economic value. 

PART I (A ). — Nature and ex- 
tant of Parasitism of Sandal as 
revealed by Inorganic constt 
tuents. The importance of the 
rdle of mineral nutrients in plant 
life has been described. The 
nature and extent of parasitism of 
sandal from this point of view has 
been studied. 

Control cultures of sandal have 
established that (l) without a host, 
sandal continues to have a struggl- 
ing existence, (2) some host plants 
an better suited to nourish sandal 
than others. It has also been 
fori tbat if sandal is deprived of 

* t 


its host plants, either by removal 
or death of the latter, it ceases 
to pat on any visible growth ; the 
leaves tarn pale and chlorotic in 
spite of the rich soil that may bo 
provided But if a host, more 
especially of the leguminous type, 
is reinstalled the sandal starts 
growing again, m the course of 
two to three weeks, the pale 
yellow leaves turning green and 
the plant putting on a healthy ap- 
pearance. Cultural experiments 
have revealed that sandal is large- 
ly dependent upon its host plants 
for its nitrogen and phosphorus 
requirements. It has also been 
found that sandal exhibits a pre- 
ferential affinity to certain types 
of host plants, with regard to its 
haustorial attachments* 

PART 1 (B). — A Phystco-and 
Biochemical study of the tissue 
Fluids of Sanded tn Relation 
to the Associated host plant , — 
It has been shown how the 
physico-chemical measurements 
and chemical composition of tbs 
tissue fluids of plants is receiv- 
ing more and more attention at the 
present tune from physiologists 
and pathologists. 

Physical-c h emical measure- 
ments of the tissue fluids of the 
leaves, stems and roots of sandal 
to M*jcu$on with hosts, hgvg 
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revealed that the osmotic pressure 
of the sandal is always greater 
than that of its host This is in 
conformity with the results of 
Arthur Harris and J V Lawrence 
who have shown, in their work 
on the 11 Osmotic concentration of 
the tissue fluids of Jamaican 
Loranthaceae parasitic on various 
hosts," that the parasite has al 
ways a higher osmotic concentra 
tion than its host 

Analyses of iK>t cultured sandal 
plants nourished by known hosts 
have shown that the host has a 
considerable influence on the com- 
position of the sandal sap, thereby 
rendering the plant more or less 
open to insect attack The prac- 
tical value of this interesting fact 
is realised if attention is called to 
the officially accepted theory that 
insects are the natural vectors of 
"Spike" By a judicious choice 
of host plants it should be possible 
to control the composition of the 
sap in such a way as to render it 
distasteful or repulsive to those 
classes of insects reputed to be 
vectors of disease 

PART I (0 — Nitrogen Met 
aboltsttt of sandal with and 
without host plant Distribution 
of the nitrogen (m the water 
soluble portion ) in the leaves of 
sandal with and without host 
plant has been studied It is seen 
that, with the removal of the host 
plant, the green leaves turn yellow 
and the tree will have a struggling 
existence, and this indicates that 
nitrogen constitutes the limiting 
factor without which the parasite 
does not flourish, The total and 


the protein nitrogen decrease on 
removal of host plant due to the 
poor absorption of nitrogen di- 
rectly from tbe soil. 

The water soluble nitrogen in- 
creases due to proteoclastic de- 
gradation of the native proteins 
and the ammonia nitrogen is also 
higher due probably to deamimsa- 
tion in the case of the sandal 
without host A study of the 
distribution of the hexone bases, 
has shown that Arginine nitrogen 
is slightly but distinctly greater in 
sandal without host The cystine 
content on sandal without host is 
very low This is very significant 
in view of the fact that cystine is 
known to favour the formation 
and functioning of root hairs. 

Distribution of the Hexone 
Bases in Healthy and Diseased 
Leases of Sandal. An historical 
introduction of the spike-disease ot 
sandal has been given from the 
time when it was first discovered 
by McCarthy in the year 1899 
with a summary of the results so 
far obtained 

The distribution of the hexone 
bases in the healthy and spiked 
sandal leaves has been worked out 
by two entirely independent 
methods with a view to determine 
the nature of the metabolic dis- 
turbances which manifest them- 
selves with the onset of the 
disease 

(i) Van Slyke method as modi- 
fied by Plimmer and Rosedale 
(1925) 

( u ) Kossel's silver-baryta 
method 

The fact that the histidine 
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fraction occurs in a high propor 
tion is significant in view of its 
close structural relationship with 
the physiologically active histamine, 
which has been found to inhibit 
the growth and functioning of roots. 

Carbon-Nttrogen Ratios in 
Healthy and Diseased Tissues of 
Sandal . A modified apparatus for 
the determination of total carbon 
in plant material by the wet 
combustion method has been 
described. 

Carbon Nitrogen ratios in 
healthy and spiked sandal have 
been estimated with a view to 
ascertain whether there would be 
any disturbance in this (C/N) ratio 
with the onset of the disease when 
the reproductive activity of sandal 
is arrested. The results are some- 
what erratic and no definite con- 
clusions could be drawn While in 
the case of partially spiked plant, 
the C/N ratio in the beginning is 
not altered very much. 


II . — "Proteins of Fenugreek M 
[Tngonella Foenum Gratcum) 
being a part of the thesis sub- 
mitted by Mr Y. V 
SreenivasaRao, Department 
of Biochemistry, Indian Insti- 
tute erf Science, Bangalore, for the 
award of the degree of Master of 
Science, University of Bombay. 
The globulin and albumin in 
fenugreek have been isolated and 
analysed. The globulin ( fraction 
A ) is characterised by a surprising- 
ly high content of histidine which is 
about four and a half times the 
average ajnouqt coptamed jn other 


related globulins obtained from 
leguminous seeds In this respect 
the protein has a close relationship 
with the protamines and hista- 
mines which are characterised by 
a high content of the hexone bases. 
The albumin (fraction B.) 
appears to contain phosphorus and 
sulphur in the molecule. In this 
respect the composition of this 
fraction approaches the casern of 
mdk 


III — Dilatometrtc Studies tn 
Enzyme Action Being a sum- 
mary of a part of the thesis sub- 
mitted by Mr. H B Sree- 
rangaciiar, Department of 
Biochemistry, Indian Institute 
of Science, Bangalore, for the 
award of the Degree of Master 
of Science, University of Bom 
bay. 

The kinetics of two closely al- 
lied enzyme- substrate systems have 
been studied in the dilatometer 
The course of reaction has also 
been followed by an entirely 
chemical method The possibility 
of employing this elegant method 
for a time course study of these 
two enzyme-substrate reactions 
has been established. 

A new type of dilatometer has 
been described where the enzyme 
and the substrate could be mixed 
in the dilatometer itself, thereby 
facilitating an investigation of the 
changes from the beginning of the 
reaction. The kinetics of the 
reaction could simultaneously be 
followed At lower concentrations 
of substrate the total contraction 
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\L— Condensation of Phenols 
and Phenolic Ethers with Ace- 
tone Dicarboxylic acid* Sjw- 
thesis of pp substituted $luia- 
rtc acids , By V M Dixit 
and G. N. Gokhale. Being a 
summary of Part I of the thesis 
submitted by Mr Gokhale 
in October, 1932, for the 
M, Sc degree of the University 
of Bombay. 

Acetone dicarboxylic acid has 
been condensed with phenols in 
the presence of various catalysers, 
the commonest amongst which is 
cone, sulphuric acid. [See — 
Coumartn-4-acthc acids by Fries 
and Volk (Annalen, 1911, 379, 
90), Dey (Trans, Chem. Soc. 
1915, 107, 1606) Dey and Row 
(J. lad. Chem. Soc, 1924, 1, 110 ) 
and Limaye (] Ind. Chem. Soc. 
1927, IV, 159)]. ^Substituted 
glutacomc acids by Limaye and 
Dixit ( vide Proc. Ind. Sc. Cong- 
ress 1930, 167), Limaye and 
Bhave ( J. Ind. Chem. Soc. 1931, 


VIII, 137) and Dixit (J. lad. 
Chem Soc. 1931, VIII, 787). 
The acetone dicarboxylic acid acts 
in the enolic form in these reac- 
tions, 

A new compound was prepared 
by condensing phenols ( 2 mob ) 
with acetone dicarboxylic aod ( 1 
mol) m the presence of dilute sul- 
phuric acid ( 75 p. c. ). It was 
a crystalline dibasic acid (For- 
mula — Ctf Hu 0« , Eq. Wt 158 
and M P 234°) (with decomp) 
which formed insoluble copper and 
lead salts, Aqueous solution of 
the acid gave a bluish green colo- 
ration with ferric chloride. Simi- 
lar new acids were obtained from 
reread, qwnol and p-cresylmethyl 
ether Phenol gave the greatest 
yield 

The constitution of PP-2 t 
dihydroxydiphenyl glutanc acid is 
proposed for the new acid from 
phenol The condensation is as- 
sumed to take place as follows 
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Pj3— 2 . 2'— Dihydroxydiphenyl-^ntaric aod. 
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The acetone dicarboxyhc add acti breaks np almost quantitatively 
In the ketomc form. The resnltB into conmarm-4-acebc acid, ldenti* 
of the following reactions bear ont cal with that prepared by Lunaye 
the given constitution — ( loc. at. ) and phenol The reac- 

(l) Action of cone, sulphuric bon is explained as : — 
add at 50°-60° ir-The compound 



CHi COjH — CsHtOH 
CH, CO,H 



/' j OH — H iO 

\A(>CH-CO,H 


CH,-CO,H 



The mtermediate glutaconic acid heating the new substance with 
cannot be isolated [Dey, (loc. at)] cone, nltncaadm the presence of 
except in the decomposition of the a small quantity of sulphuric acid 
corresponding glutanc acid obtain- in cold, a dimtro derivative was 
ed from p. cresyl-methyl-ether. obtained. 

(2) Action of nitric acid .—On Heating this dimtro derivative 
QQ 
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or the original glataric acid with and a small quantity of p*nc add. 
fuming mtnc acid in sealed tubas The reactwu can be represented 
gave much of PP-duitroxanthone as.— 



(3) Action of KOH 1 — Fusion 
of the giutanc acid with moist 
caustic potash at 180° gave 2 2f 
dihydroxybenzophenone, identical 
with that obtained by Richter [ J. 
Pr. Cham. 1883, (2) 28, 285]. 

(4) Knoevenagel condensa- 
tion — Unlike the esters of couma- 
rm-4-acehc acids, the ester of the 
new aad or the acid itself did not 
yield any condensation product 
with salycihc aldehyde in spite of 
several attempts with usual pre- 
cautions, 

(5) Synthetical reactions •— 
The dimethyl ester of the new 
giutanc aad formed the corres- 
ponding apocamphonc ester by 
condensing with dimethyl oxalate 
according to the method of Komp- 
pa (Trans. Chem. Soc. 1911,99, 
2020) and it also condensed with 
dimethyl phthalats according to 
the method of Dieckmann ( Bar. 


1899, 32, 2227 ). 

Besides these, the new giutanc 
aad formed a number of character- 
istic derivatives. The corres- 
ponding giutanc aada obtained by 
°°udensing acetone dicarboxyhc- 
aad with o-cresol, quinol and p- 
cresylmethyl ether respectively 
showed analogous equivalent wta, 
analytical data, salts and behavi- 
our with cone, sulphuric acid. 

In converting the 00-2 : 2 , -di- 
methoxy-4 4 ; - methyl-phenyl giu- 
tanc aad, which is obtained from 
P-cresyl-mathyl ether, into the 
corresponding 6-tnethylcoumarin- 
4-acetic add by sulphuric add, the 
intermediate 3-2-metboxy-5-me- 
thylphenyl glutacomc acid was 
isolated. This on keeping in cone, 
sulphuric aad ri»ngi< to the 6- 
methyl-coamann-4-ncetic nod. 

The work is being continued. 
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VIL — Condensation of phtnolt, 
with notion* dicarhoxyttc aout, 
Anhydrtdot of 0* 2-hydroxy- 
phtnylglutacontc aetdt. By 
V. M. Dixit and G. N. 
Gokhalb, 

Coumam-4-acehc acids have 
been prepared by condensing 
phenols with acetone dicarboxylic 
acid, in the presence of cone, 
snlphnric acid. [See: — Dey (Trans. 
Chem. Soc. 1915, 107, 1606). Dey 
and Row (]■ Ind. Chem. Soc. 1924. 


I, 110), Limaye (J. Ind. Chem. 
Soc. 1927, IV, 159) and Dixit 
Q. Ind. Chem. Soc 1931, VIII, 
787)]. In some of hu reactions, 
Dey has obtained tautomers (I and 
II) of the same conmann 4-acetic 
acid supposed to be formed at the 
same time due to the two different 
ways m which the acetone 
dicarboxylic acid may act The 
reaction is represented as 
follows. — 


HCK 

^ CO 



'a ^ 

CO 

I 

HO CH» 

W 

X -CHCO,H 



C-CHCO.H 


Transformation of (II) to (I) was 
supposed to take place in the 
process of crystallisation which in- 
variably caused a considerable 
change in the melting points. The 
two forms had the same equivalent 
weight and analytical data and 
both produced the corres p o n ding 
4-methylcoumann when heated at 
their m. pts. Other experimental 
evidence to show the existence of 
(II) has not been recorded and the 
conversion of (I) to (II) has not 
bean earned out 
With the object of studying the 
rttcbOQ ta details, phenol and the 


three cresols were condensed with 
acetone dicarboxylic acid on die 
lines described by Dey and Row 
(loc, at.) as the results from this 
method and that of Dey (loc. at) 
were identical The crude product 
of each of these reactions, whan 
fractionally crystallised yielded two 
different compounds (A) and (B) 
which were partly transformed 
into one another on long exp o sur e 
to air. 

The subetanoe (A) of lower 
rn.pt : — 

(1) Crystal] i8ee in long needles 
soluble in hot water, dilute alcohol, 
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other and in sodium bicarbonate 
solution with effervescence. The 
ordinal compound is recovered on 
acidifying this solution. 

(2) Does not give any colora- 
tion with feme chloride and does 
not form any definite compound 
with (i) acetyl chlonde or acetic 
anhydride, (u) benzoyl chloride, and 
(ui) oxidation by chromic aod in 
cold 

(3) Yields almost theoretical 
quantity of 4-methyl-coumarin 
when heated at its melting point 

(4) Forms the solid ethyl ester 
which m turn condenses with 
salycihc aldehyde in the presence 
of piperidine to produce the corres- 
ponding dicoumaryl (see Dey and 
Row)* In short the substance (A) 
agrees well with the corresponding 
coumann-4-acetc acid, found in 
literature. 

The substance (B) of higher 
melting point 

(I) Crystallises m broad pris- 


matic needles, Insoluble in water 
and dilute alcohol, soluble in alco- 
hol, acetone and chloroform. In- 
soluble w sodium bicarbonate un- 
less being in contact with it for a 
long time. 

(2) Gives, in alcoholic solution, 
reddish coloration with feme 
chlonde. 

(3) Can be titrated in alcoholic 
solution with alkali and baa the 
same equivalent weight and 
analytical data as those of sub- 
stance (B). 

(4) Does not form an ester and 
does not condense with salyahc al- 
dehyde under dry conditions. 

The compound (A) can be 
converted into (B) by keeping it in 
contact with cone, sulphuric acid. 
The reverse change proceeds on 
hydrolysis of (B) by alkali. 

The compound (B) is supposed 
to be the anhydride of the corres- 
ponding ortho substituted glutaco- 
zuc aod, formed as follows.'— 


.OH OH-C-CH-COtH 

i \/ | 

, CH,’COjH 


/V 0H 


\/~~H 


A/V° 


'C-CHCO,H 

I * 

CH,CO,H 

{3-2-Hydroxypbeuyl 
glutamic aod. 


V\ 


ICH 


/\ 


CH,CQ#H— (A) 


OH 

x/^c < CH - C0 


>0 

CH.-CO (B) 


The intermediate ghitaoonic aod 
is known to be incapable of free 
existence. 

The following evidence is found 
in literature to justify this coarse 


of the condensations (1) 
substituted giotaconic adds have 
been prepared by condensing phe- 
nols and phenobc ethers with ae* 
ton# dkaiboxybc aod (See 
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Limaye and Bhave, J. lad, Cham. 
Soc. 1931, VIII, 137. 'Dint, J. 
Ind. Cham. Soc. 1931, VIII, 787 
and Limaye and Gogate Proe. 
Ind. Sc. Congress 1932, 233). The 
corresponding coumartn -4- acetic 
acids were also found as by-pro- 
ducts in these reactions. 

(2) The substance (B) acts as a 


monobasic add an account of its 
transformation into the " Hydroxy 
anhydride '* due to the mobility o I 
a hydrogen atom as explained by 
Thorpe [See Thorpe and Thole 
(Trans. Chem Sac. 1911, 99, 
2187) and Thorpe and Bland 
(Trans. Chem. Soc. 1912, 101 
867)]. 


CH-CO CH-CO 

R-C< >0 * R-C< >0 

CHf-CO "■ CH-C-OH Hydroxy. 

Normal anhydride anhydride. 


The following experiments were 
farther corned oat with the sub- 
stance ( B ), and their results agree 
with the constitution assumed for 
It 

(1) Benzoylation - Action of 
benzoyl chloride on the compound 
in solution with pyndine produces 
a neutral dibenzoyl derivative 
which is hydrolysed by alkali to 
the corresponding coumann-4- 
acetic acid, 

(2) Elimination of COi : — 
By decomposing the dry com- 
pound under specially dry condi- 
tions, and reduced pressure, a 
phenolic substance results which 
sublimes and lowers the m p. of 
the corresponding 4-methylcoumar- 
m when mixed with it 

(3) Oxidation Oxidation of 
the substance in solution with 
acetic add by chromic acid yields 
the corresponding ortho-hydroxy 
benzoic sad , 

(4) Action of acetic anhydride 
in the pr ese nce of sodium acetate 
an the substance gives a crystalline 
aekbe compound which is suppos- 
ed to bs formed according to the 


reaction described by Gabnel and 
Neumann (Ber. 1893, 26, 951). 
The nature of this reaction is still 
under investigation. 

The results obtained so far seem 
to indicate that the crystallisation 
of the crude product of higher 
m p. into coumarln 4-acetic acid 
of lower m p. as reported by Day 
in some cases, may be due to the 
partial conversion of the substance 
of (B) type into that of (A) under 
those conditions. 

Farther work is in progress. 


DL — Latent Instability tn the 
Atmosphere revealed by some 
Indian Tsphtgrams. By Miss 
M. M. Paranjpb, B. Sc. 

By the application of the curve 
of saturation temperatures termed 
estegram ( S. T gram ) suggested 
by Dr. C. W B. Norm&nd, for 
indicating humidity from the ther- 
mo-dynamic point of view, about 
250 sounding balloon reoords over 
Agra, Poona and Hyderabad during 
1929 to 1931 were examined from 
the point of view of latent instabi* 
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Uty. Typical cases are described 
and limitation of the records on 
account of hair hygrometry const* 
dared. The conservative property 
of equivalent potential tempera- 
ture is examined and in this con- 
nection a review is made of the 
various type9 of adiabatic diagrams 
and their bearing on equivalent 
potential temperature. 

Sources of air samples relating 
to each individual record either ex- 
hibiting marked latent instability or 
no latent instability were investiga- 
ted by tracing trajectories of upper 
air movement from the results of 
pilot balloon flights of the Indian 
net work of stations at various 
levels. Weather notes for all days 
of soundings bear out what would 
be expected namely that absence 
of latent instability is associated 
with dry, fine weather with occa- 
sional high clouds of non-convec- 
tional type and latent instability 
with convectionaZ types of clouds 
like cumulus and cumulo-nimbus 
or rain or thunder or thunder- 
storms 

In general, marked latent insta- 
bility is asso ci ated with incursions 
of oceanic air of tropical or equa- 
torial origin having high equivalent 
potential temperature of the order 
of 340° to 350°A or more and 
decreasing with height , and that 
absence of latent instability is 
associated with continental air 
having relatively low E P. T. of 
the order of 320-330°A increas- 
ing or remaining approximately 
constant with height From the 
general circulation of upper air 
currents over India, this explains 


the comparative scarcity of latent 
instability m the winter both at 
Agra and Poona and Hyderabad 
as contrasted with the remaining 
part of the year. 


X . — Sfudtu % n Ferrto Hydroxide 
Sol By S. K. BORKAR and 
B. N. Desai. 

Measurement of charge on feme 
hydroxide sol has been earned out 
under various conditions s.g , with 
progress of dialysis, in presence of 
electrolytes, from the point of 
view of critical potential, with 
progress of dialysis and with 
different dilutions. Simultaneous 
measurements of charge and vis- 
cosity with progress of dialysis 
have also been made. 

It is found that with progress of 
dialysis the charge first increases, 
reaches a maximum, and then 
decreases. The stability is found 
to decrease continuously. Thera 
is an initial increase m charge on 
the addition of small quantities of 
electrolytes such as HC1, KC1 
and FeCl*. It is also found that 
various samples of the sol coagu- 
late at the same value of the 
charge— the critical charge-exoept 
in the case of HC1 where the 
value is slightly higher. 

On dilution it is found that sola 
dialysed for a period shorter than 
what corresponds to the maximum 
m the cataphoretic speed-d ttlyus 
curve, behave in one fashion; 
while those that are dialysed for a 
longer period behave differently. 

Measurements on viscosity and 
charge show tbgt neither the npw 
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of Dhar ( smaller viscosity, smaller 
hydration and greater charge ; and 
greater viscosity, greater hydration 
and smaller charge ) nor of Smo 
luchowski (greater charge, grea- 
ter viscosity , and smaller charge, 
smaller viscosity ) can individually 
explain the results. 


XI . — Action of Nitric Acid on 

Tin. By G. S. Kasbekar and 

A. R. Normand. 

The reaction between tm and 
nitric acid under varying condi- 
tions has been studied by estimat- 
ing all the products formed during 
the reaction, whether in the dis- 
solved or in the gaseous state. It 
has been shown that during the 
above reaction in addition to the 
formation of stannous and stannic 
salts, hydroxy lamine, ammonia, 
nitric oxide, nitrous oxide and 
nitrogen are formed. Neither 
nitrons acid nor hydrazine were 
formed under the conditions stu- 
died. The effect of various cata- 
lysts on the reaction was also 
studied. 

It has been pointed out that the 
variations in the stannic tm and 
the gaseous reduction products of 
excess nitric sod go hand in hand, 
whereas the variations of stannous 
tin in solution are similar to the 
variation of the reduction products 
in solution, namely hydroxylami- 
ne etc. 

In an attempt to explain the 
reduction of excess nitric acid not 
only has it been shown that nas- 
cent hydrogen could be the pro- 
bable reducing agent, but it has 


further been suggested that the 
nascent hydrogen produced by the 
dissolution of tm in nitric aod may 
be of two different activities, the 
dissolution of tm to the stannous 
condition producing hydrogen of 
one activity while the dissolution 
of tin to the s tanni c condition 
producing hydrogen of a different 
activity. 


XII — Studies in Solubility . By 

P. G. Desai and A. M. Patel. 

Part. I. Effect of polar and 
non-polar solvents on the solubi- 
lities of some organic acids. 

The solubilities of benzoic, cin- 
namic, salicylic, phthahc and suc- 
cinic acids have been determined 
m polar and nonpolar solvents. 
In the case of non-polar solvents, 
the solvent action decreases with 
the increase in the polarity of the 
solute, the solubilities of phthahc 
and snccimc acids being negligible 
in these solvents. The order of 
solubility is in accordance with 
the polarity of the solvents in case 
of slightly polar solvents, while in 
case of more polar solvents, the 
order is not well defined. Ideal 
solubilities of benzoic, cinnamic 
and salicylic acids are approached 
in ethyl alcohol, while those of the 
more polar phthahc and succinic 
acids are approached in methyl 
alcohol. Chlo rof or m and acetone 
behave abnormally. It has been 
inferred from the solubilities of 
acids m water, nitrobenzene and 
alcohols that, benzoic rfimanur. 
and salicylic acids form loose 
alcobolatss with the solvents. 
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while succinic and phthalic adds 
form hydrates with water. 

Part II The solubilities of 
benzoic and salicylic acids in mix- 
tures of solvents. 

The solubilities of the two acids 
were determined in a number of 
binary mixtures. It is found that 
when both the components of the 
mixtures are non-polar, the solubi- 
lity composition curves are almost 
straight lines, whereas in case of 
mixtures of chloroform with aro- 
matic hydrocarbons, the curves 
are convex towards the composi 
tion axis. In case of mixtures of 
acetone with non-polar liquids, the 
curves are concave towards the 
composition axis. In case of 
mixture of alcohols with non polar 
liquids and with nitrobenzene, the 
solubility increases, reaches the 
maximum and then decreases. 
The same is the case with mix- 
ture of nitrobenzene with the non- 
polar solvents. The results have 
been explained on the basis of as- 
sociation and de association of 
molecules of the solvents when in 
presence of one another. 

Part III. Relation between 
adsorption and solubility. 

The adsorption of benzoic acid 
by animal charcoal, from mixture 
of 0) two non-polar, (u) polar and 
hon-polar and (ui) two polar 
solvents was determined. Adsorp- 
tions from non-polar liquids is 
greater than that from polar liquids. 
It is found that an inverse relation 
exists between solubility and ad- 
sorption. In case ( 1 ), the adsorp- 
tion-composition curves are almost 
straight lines ; while in the two 


remaining cases, minima are 
generally obtained on the adsorp- 
tion-composition curves. It has 
been shown that in most cases 
where maxima are obtained on the 
solubility-composition curves, mi- 
nima are obtained on the adsorp- 
tion-composition curves. 

Part IV Viscosities of binary 
mixtures. 

The viscositi es of dm mixtures 
of (i) two non-polar, 00 two polar 
( in ) polar and non-polar liquids 
have been determined. It baa been 
shown that in case of first type, 
almost straight lines with ahght 
sagging are obtained. In mixtures 
of second type, viscosity-can posi- 
tion curves are convex to the 
composition axis with a minimum 
point in the case of n-propyl alco- 
hol- nitrobenzene system. In case 
of the third type, the curves are 
convex to the composition axis, 
with a minimum m the case of 
benzene n-propyl alcohol system. 
An attempt has been made to re- 
late viscosity-composition corves 
to the solubility-composition curves. 

XIII.— TAs Action of Aottio 
Anhydnd* and Sodium Acs- 
tate on the Anhydrides of 0- 
Glutacomc A c$d* Tho forma- 
tion of fi-Aryl-Acshe Acids 
with an Addendum. By VISH- 
NU Mahadeo Bhave, M. Sc. 
Being the summary of a thesis 
submitted in June 1932 ftoa 
the Ranade Industrial and Econo- 
mic Institute, Poona (4). 

(l) By die action of acetic 
anhydride and aodium acetate «n 
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the anhydrides of 0-aryl-glutacomc 
adds, eaoLc forms of the 0-aryl- 
glutaconyl-acetic acids of the 
general structure, 

CH-C-CH.COOH 
R. C< >0 

CH-COH 

have been prepared for the first 
time, 

[ R ■■ (a) amsyl, (b) phenyl, 
(c) ’mcthoxy orthocresyl, (d) 
methoxy para-cresyl, (e) methoxy 
meta-eresyi, and (f) ort ho- 
me thoxy- phenyl] . 

(2) Their constitution has been 
determined by the isolation of the 
corresponding methylene-glutaoo- 

CH. C«CH, 

nides R- C< >0, 

CH, CO 

{3-aryl-Y-aceto-vinylacetic acids 

CH. CO CH, 

R-C< , arylidene 

CH, COOH 

CH. CO. CH, 

ketones R— C< and 

CH, 

P-aryl-Y -aceto- butyric acids, 

CH, CO CH, 

R-CH< 

CH,. COOH 

(3) A parallelism between this 
reaction and the Gabriel's exten- 
don of Perkin’s reaction to 
Phtbalic anhydride has been 
established. 

(4) The * enolic ’ or ' hydroxy ’ 
glutaconyl-acetic acids have been 
converted into their ' keto 1 or 
'normal' forms 

CH. C * CH— COOH 
R-C< >0, 

CH, CO 

thus meiAmtaiiy confirming Thor- 
ps's view that ghitacooic anhydri- 
des exist in the 'sooT ue^ tbs 

BX 


hydroxy pyrone form. 

(5) Tbs reaction has been 
tried, on the hydroxy anils of 
aryl-glutaconic acids, 

CH. CO 

R-C< >N— C, H,. 

CH-COH 

(6) It has been suggested that 
the possibility of the condensation 
of acetic aad with (3-aryl-glutaco- 
mc anhydrides may be doe to 
conjugation. 

(7) The addendum consists of 
a continuation of the work publish- 
ed in the Journal of The Indian 
Chemical Society, 1931, 8 137, 
by Limaye and Bhave, and the 0- 
( 4-methoxy-phenyl )-and 0-( 4- 
metboxy-3-methyl-phenyl)-glntaco- 
me amds have been studied in 
more detail. 

(8) Many functional deriva- 
tives like esters, semicar bozones, 
oximes, anilides, benzoyl-deriva- 
tives etc, of the main products 
have been prepared (m all some 
90 new substances). 

D.B.L. 


XIV —Study of the peette changes 
m the potato tubers at different 
stages of growth and in stor- 
age. By S. D. Agnihotri. 
( Dept, of Botany, Royal Insti- 
tute of Science, Bombay. ) 

The study of the poetic changes 
in potatoes at different stages of 
growth, maturity and of senes- 
cence during storage is undertaken 
as it appeared from the survey of 
the literature on the pechc cocs ti - 
{neats of fruits and other plant* 
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organs that tbs softening of the 
tisane and its ultimata decay was 
doe to the pectic changes occur- 
ring in them. The problem of 
potato storage is of economic im- 
portance in Western India and in 
spite of the efforts of the various 
workers there is no unanimity of 
Opinion about the causes of decay 
of potatoes when stored during the 
summer months. 

The method of Caree and 
Nanji modified slightly for the 
n flwfa of this investigation for 
extracting and estimating diff- 
erent pectic constituents are 
employed. The free soluble pectin, 
protopectin, middle lamella pectin, 
and total pectic materials are de- 
termined and expressed as calcium 
pectate number for the tubers at 
different stages of growth and at 
short intervals after storage till 
the tubers are completely rotted 

The free soluble pectin, proto- 
pectin, middle lamella pectin and 
total pectins begin to rise as 
growth proceeds and the increases 
be ecm* smaller at maturity. 

The free soluble pectin in- 
creases and the other three pectic 
constituents decrease as the age 
advances, and as the rotting sets 
m. 

The downgrade changes begin 
to occur in storage conditions and 
they are responsible for the soften- 
ing of the tissue which is caused 
by the separation of the cells due 
to loss of Insoluble proto- pectin, 
and middle lamella pectin 
from tbs cell walls. The bacteria 
and other organisms get a footing 
as k wan when tbs tissues soften 


and hasten the rotting of the 
tubers. 

The study of the effect of tem- 
perature on the pectic changes id 
mature tubers shows that the 
downgrade changes are much 
accelerated as compared to the 
similar changes m tubers stored 
at room temperatures. 

All tubers pass through the 
same sequence of pectic changes 
and during the hot weather they 
are, like all chemical reactions, 
accelerated. 

The practical side of the potato 
storage is discussed m view of the 
results obtained and the lutes on 
which further investigation should 
be undertaken are indicated. 


XV .-— The Kinetics of Heteroge- 
neous Organic Reactions : A 
study of the Benzoin Reaction. 
By D R. Nadkarni, B. Sc* 
Royal Institute of Science, 
Bombay 

It is not dear from the lite r a t ur e 
whether potassium cyanide and 
benzaldehyde in the absence of any 
other substances can yield benzoin. 
It has now been shown that pure 
benzaldehyde and pure potassium 
cyanide can yield benzoin but the 
reaction is readily inhibited by 
substances such as quad sad 
alkali halides, which are also Dila- 
tive catalysts in the omdatioa of 
benzaldehyde. The conflicting re- 
suits in the literature have dm 
been traced to their source, as the 
alkali halides are likely i mp u ri ties 
in potassium cyanide. The Uni- 
ties of this reaction have bear 
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s tu die d st 100°C and at room 
temperature, and may t* r eprese n - 
ted by the Mowing equation : 

Rate of formation of benzoin " 
Ki [Ci Hi CHO ]* [ benzoin ] + 
Ki [ KCN ] [ C« Hi CHO ]*. It 
U auggNted that two reactions take 
Place: 

(a) A homogeneous reaction 
between a trace of potassium cya- 
nide dissolved in benzaldehyde. 
This reaction is autocatalytic and 
is not affected by inhibitors in 
the same manner as the heteroge- 
neous reaction. 

(b) A heterogeneous reaction 
between solid cyanide and benzal- 
dehyde, the cyano-ion on the sur- 
face of the crystalline cyanide being 
effective in bringing about the 
reaction. This reaction is inhibi- 
ted by the negative catalysts which 
are adsorbed on the surface of the 
■olid cyanide. 

The kinetics of the reaction In 
presence of water have also been 
investigated. The rate erf the 
homoge n eous reaction is unaffected 
but the reaction with solid cyanide 
is replaced by reaction with cyano- 
ioos. This heterogeneous reaction 
between the dissolved cyanide and 
benzaldehyde is more rapid than 
that with anhydrous cyanide. 

As the quantity of water is in- 
creased the dissolved cyanide is 
extracted from benzaldehyde and 
the homogeneous reaction ceases. 

Inhibitors act In presence of 
water but their effect is greatly 
reduced. In fact water is decided- 
ly a catalyst for the reaction pro- 
bably because It induces the for- 
gjgtigocf ft cyaucMCOf 


Current theories of tbebaosota 
reaction which have assumed that 
the presence of water is essential 
for it to proceed are discussed in 
the light of the above results. It 
is pointed out that under anhydrous 
conditions the potassium cyanohyd- 
rin compound itself reacts whereas 
in presence of water the cyano-ion 
brings about the reaction. 

The necessity for the presence 
of benzoin before the homogeneous 
reaction can proceed may be ex- 
plained by the following senes of 
equations * 

1. C*H,CHO+ KCN -C|Hi 
CH (OK) CN. 

2. CiHiCH (OK) CN+CiH. 
CHO -C.H.C (OK) (CN) CH 
OH. C|H|. 

3. C*H,C(OK)(CN)CHOH. 
C|Hi+C,H»CO CHOH C«H| - 
2C|HiCOCHOH CiHi+KCN. 

S. M. and D. N. 


XVI . — Cdltdtm from rice draw. 

By B. B. Sardeshpande. 

This work was undertaken to 
work out proper data pertaining 
to the yields of cellulose from 
Bombay noe straw under various 
conditions of alkali concentration, 
temperature and tune of digestion 
and to find out whether it is pos- 
sible to prepare paper and allied 
products from the cellulose obtain- 
ed from Bombay nee straw. 

The investigation has shown 
that Bombay rice straw contains 
48 to 55% total cellnloeea. Out of 
these 34 to 37% is alpha caUuloa* 
and the rest beta and gamma cel- 
Jjj gptafri ip ill p yfr ftt| 
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therefore, the yield of cellulose 
from Bombay rice straw should 
be about 36 to 37%. To produce 
good quality of cellulose the straw 
should be digested in 3% alkali 
solution at 140°C for li hours. 
Total alkali required for complete 
digestion of the straw is 10.5%. 
Total amount of bleaching powder 
required for the bleaching of the 
cellulose is 4.5% calculated as 
CaOClj The fibres of rice 
straw resemble those of esparto in 
many respects. As the fibres of 
nee straw are shorter in length 
they have to be mixed with a small 
percentage of cellulose with longer 
fibres for ordinary paper manufac- 
ture. Samples of paper have been 
prepared from the cellulose ob- 
tained during the investigation 
and these have been favourably 
reported upon by paper makers 

M. S. P. 


XVII— Starch and oil from 

Jowar. By K. P. SHAH. 

This work was undertaken to 
find out a suitable process for the 
extraction of starch from Jowar 
and to study the properties of the 
starch and the nature of the bye- 
products. 

The investigation has shown 
that sulphurous acid process is a 
mast suitable one for producing 
starch from Jowar. The yield of 
the starch by this process is 52% 
of the total weight cf Jowar taken. 
It was found difficult to separate 
the germs completely from the 
gram by floatation. It is therefore 
peceeeaxy to work pqt acme other 


process for the separation of the 
terms. The gelatfmsatidn tem- 
perature of jowar starch has been 
found to be 67°C. Jowar starch 
grannies are polygonal in shape 
and larger in size than those of the 
maize and nee starch. The starch 
gives a good paste without any grit 
and acted asagood binding material 
for the size. The starch gets 
desized very easily. The viscosity 
measurements showed that jowar 
starch resembled wheat starch 
in its place forming qualities. The 
waste bran obtained after separa- 
tion of starch from jowar contains 
about 11% protein matter. The 
oil obtained from the germs of the 
jowar grain is a semidrying oil re- 
sembling maize oil in its proper- 
ties. It had the following ana- 
lytical characteristics —Colour, 
Golden yellow, Solidifying point 
8? to 9°C , Specific gravity 0-910 
at 28®C, Refractive Index 1*467 
at 28°C , Sap. value 173 2 ; Iodine 
value 126*8 ; Unsapomfiable matter 
7 9% , Iodine value of the mixed 
fatty acids 130, Neutralisation 
value of the mixed fatty sods 
166 5, Sap. of the mixed fatty 
acids 186*1. 

M. S. P. 


XVIII , — Hydrogenation of Com- 
mon Indian oils. By B. S. 
Kanvindb for the M. Sc. 
degree of the University of 
Bombay. 

This work was undertaken to 
work out a suitable data for the 
manufacture of tallow substit u te 
from vegetable oils ty stutyug tfo 
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hydrogenation of Indian oils treated 
alone or in mixture m various 
proportions. 

Ground od, linseed oil, castor oil 
cocoanut od and cotton seed od 
were hydrogenated under various 
conditions of catalytic concentration 
using both supported and un- 
supported catalyst From the 
results obtained it has been found 
that a mixture of groundnut od 
( pea-nut od) cocoanut od and 
castor ml in a definite proportion 
will give on hydrog en ation a pro- 
duct which has almost the same 
physical and chemical character- 
istics as the animal tallow. The 
investigation has farther shown 
that the temperature of reduction 
has considerable influence cm the 
activity of the supported catalyst 
The melting point of groundnut od 
at any particular degree of hydro- 
genation is the same irrespective 
of the nature and concentration of 
the catalyst used during the 
hydrogenation. Mixture of oils 
consisting of glycerides having 
similar constitution have in general 
a mean course of behaviour during 
hydrogenation in relation to in- 
dividual oils. 

M. S. P. 


XIX. — The Photo-reduchon of 
Ferric Chloride in Alcoholta 
Solutioni ; By P. S. Limaye 
B. Sc., The Royal Institute of 
SctOQOAi 

The photo-redaction of feme 
chloride in alcoholic solutions has 
faq studied in sunlight and in 


artificial light It has been found 
that in both the cases the reduction 
takes place in two stages: the 
order of the reduction in the first 
stage in the two cases is zero 
molecular. But in the second stage 
it is ummolecular in the sunlight 
and zero molecular in the artificial 
light The extinction coefficient 
measurements of the solutions 
exposed to artificial light also show 
a sudden decrease in value after 
sometime. The change in the 
stage of the redaction from the first 
to the second in the above case u 
not due to the formation of colloidal 
feme hydroxide as it has been 
found to retard the redaction in 
both the stages. The conductivity 
of solutions of feme chloride ex- 
posed to sunlight also indicates 
that a change in the mode of 
reduction takes place sometimes 
after the exposure. The results are 
explained on the assumption that 
molecular species containing feme 
ions are formed and they bring 
about the change in the mode of 
the reaction. 

The quantum efficiency for 
solutions of concentrations between 
0.1 M and 0 2 M lies between 
1 and 3 at 30° for radiations lying 
in the visible region and it in- 
creases with (i) temperature, (u) 
concentration of the solution and 
(ui) frequency of the incident light. 

S.M. 


XX. — Studte! in Ttiamtm Di- 
oxide Sol. By Miss Olive 
Joseph B. Sc* The Royal 
Institute of Sagoo* 
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The coagulation of tb« titanium 
dioxide so) by sodium and magne- 
sium chlorides has been followed by 
the thermopile method during the 
progress of the dialysis of the sol. 
The coagulation velocity curves 
are ‘S' shaped for sols dialysed 
up to ten days ; sola dialysed for 
longer tune do not show the auto- 
catalytic nature of the coagulation 
process. Smoluchowski'a equation 
applies to the coagulation of the 
titanium dioxide sol for only a 
limited range of the concentration 
of the coagulator. 

The changes in the viscosity of 
the sol, dialysed and diluted to 
different extent, are measured with 
the progress of tuna when the sol 
is coagulated by mono, di and tn- 
valent electrolytes and mixtures 
of these electrolytes with oon-eloc- 
trolytes (methyl, ethyl and u-pro- 
pyl alcohols ). In each case the 
viscosity increases to a maximum 
value and then begins to decrease. 
With electrolytes alone the time- 
viscosity curves are straight rising 
ones but m the presence of alcohols 
which exert peptising i n fl uence , 
these curves are ‘S' shaped. 

S.M. 


XXI. — Studies in Certo Hydro- 
xide So/. By M. V. NABAR 
B.Sc., Royal Institute of Science. 
The coagulation of the ceric 
hydroxide sol, dialysed and diluted 
to different extent, has been studied 
when the ad is coagulated by 
sodium and magnesium chlorides 
and by a mixture of sodiqm chlo- 


ride with alcohols (methyl, propyl 
and amyl) and solutions qi sugars 
(cane sugar and glucose ). The 
coagulation velocity curves am ‘S' 
shaped for impure and the concen- 
trated sols and steep for those dilut- 
ed and dialysed for a long tuna, 
Smoluchowski’s equation applies to 
the coagulation of the ceric hydro* 
xide sol up to a limited range of 
the concentration of the coagulates. 
The alcohols sensitise and the 
sugars protect the coagulation of 
the sol by electrolytes : then ac- 
tions increase as tbo sol gets purer- 
The sensitising action of alcohols 
increases as 

CH,OH > C,HiOH > CiHuOH. 

Cane sugar and glucose act as 
protecting agents and the protect- 
ive action of cane sugar is greater 
than that of glucoan 

& M. 


XXII. — Studio* tn Cobaltou* 
Oxide. By T. S. SURATKAR 
B, Six, Royal Institute of 
Science. 

(A) It has bean shown that 
cobaltous oxide can be prepared 
by heating the cobalt carbonate 
under vacuum to 670° but die 
oxide obtained at higher tempera- 
tures shows a tendency to dis- 
sociate. On exposure to air the 
oxides adsorb oxygen and darken 
in colour. They contain native 
oxygen whose quantity decreaass 
as the temperature of die p re pare - 
tion is raised. The colour of the 
oxide changes from yellow to 
br own , its density increases and dm 
adalytic activity decrmito uti» 
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temperature of the preparation la 
raised bat the solubility In sulphuric 
and hydrochloric acids is not much 
affected. 

If the oxide is heated at a 
particular temperature for a long 
time then it does not show any 
tendency to dissociate and the 
composition of the oxide approxi- 
mates more and more to the for- 
mula GiO. The stability of the 
oxide also increases on increasing 
the duration of heating, so much so 
that the sample of the oxide 
obtained at 900° does not change 
even on keeping for two months 
Also the density, the solubility in 
sulphuric add and the catalytic 
activity for the decomposition of 
hydrogen peroxide decrease con- 
siderably on increasing the dura- 
tion of heating. 

(B) The action of sulphuric 
add on the mixtures of the 
cobaltous and copper oxides and 
the mixed oxides obtained on 
heating the mixtures of the cobalt 
and copper carbonates has been 
studied. The results obtained have 
been explained on the assumption 
that the mixed oxide is a mixture 
of copper and cobalt oxides when 
the mixed carbonates are heated 
up to 700° but the samples obtain- 
ed at higher temperatures may 
contain CuiO, CojO* and CoO. 
The study of the systems 
OttSOt- CoSO«- HtO and CuS0 4 
“NiSOi-HiO 

has Indicated Oat no compound 
formation between copper and 
cobalt sulphates and copper and 
nicks! sulphatee takes place. 

6.M. 


XXIII —X-ray investigation qf 

the crystals of Hydrasobeiusnt 

and Dtphenyl Nttrosoamtne. 

By S. G. Kuubchandani. 

The crystals of hydfazobenzene 
( C«H| NH NH C*H| ) and of 
diphenyl nitroeoanune [ C« H» N 
( NO )'Ci Hi ] have been studied 
by the rotating crystal method 
using a Shearer gas tube fitted with 
a copper anticathode and a Bernal’s 
Universal Photo-goniometer. The 
dimensions of the unit cell of the 
crystals of hydrazobonzene are 
found to be the following ; 
a» 10-46 A # ;b- 1060 A*; c- 
1863 A # 

The planes (001), (010) and 
(100) are halved and also (Okl)are 
halved when (k+1) isodd,(h01) 
halved when (h+1) is odd and 
(hkO) halved when (h+k) is 
odd. The crystals belong to the 
space group Qh* and the unit cell 
contains eight molecules. 

The dimensions of the unit cell 
of the crystals of diphenyl nitroeo* 
amine are found to be the follow- 
ing : 

a- 17-08A® , b" 8-867 A 0 , o ■ 28* 
07A®. 

The planes ( 001 ) are quartered 
and ( 100 ) and ( 010 ) are halved 
and planes ( bkl ) are halved when 
(h+1) is odd. The crystals be- 
long to the space group C*h* and 
that the unit cell contains sixteen 
molecules. 

It has "been shown that die 
m o l ecules of hydrazobonzene lie as 
in Fig. 1. The two tinge of the 
molecuie are inclined oppositely to 
the face by peebaMy flP. The 
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nut cell of diphenyl nitrosoamtna 
behaves like an orthogonal cell and 




H-N 

I 

H-N 



XXV. — Study of the ccnshtu- 
tton of the reduction products 
of chloral and bromal amides 
Part I By B H YELBURGI 
Chloral amide9 were reduced 
with zinc dust and glacial acetic 
acid by Meldrum and Alimchan- 
dam ( J. Indian Chem Sac. 1925, 
2 , 1 , 1929, 6 , 253 ) and also by 
other workers in conjunction with 
Meldrum They assigned the 
saturated formula to the reduction 
product 

i. e— CH OH CHCU 
•*— CH, CHClj 
In the present work with chlo- 
ral and bromal amides, it is found 
that the constitution is not as given 
before but of unsaturated com- 
pounds like CH CClj or— CH * 
CBri The reduction products of 
chloral acetamide, chloral proptona 
mide, chloral benzamide, and 
bromal benzamide are studied in 
detail. The following reactions are 
tried to confirm the constitution. 

Action of dry hydrogen chloride 
or hydrogen bromide in dry ether- 
eal solution did not give the com- 
pound of dosed chain as was ex* 


the molecules in the cell are placed 
as in Fig.2. 




F*.2. 


M P 

pected but a compound of the 
type-CHX+CHX, ( where X is 
halogen) is obtained which is 
very easily hydrolysed to-CHOH. 
CHXj. 

The presence of OH group in 
the compound of the type CH OH 
CHX> is confirmed by the action 
of (1) phosphorus pentachlonde (2) 
phosphorus pentabromide (3) acetic 
anhydride (4) phosphorus pent- 
oxide (5) benzoyl chloride (6) 
phenyl hydrozine and (7) dimethyl 
sulphate. 

(1) With phosphorus penta- 
chlonde the compound obtained 
is id e ntical with that obtained by 
the action of dry hydrogen chloride 
on the reduction product, and it ia 
turned into an anilino derivative. 

(2) Phosphorus pentabromide 
gives similar products. 

(3) The reaction of acetic an- 
hydride vanes with the condi t ions 
of the reaction (i) In the pre- 
sence of c on cent r a t ed sulphuric 
aod at 0° acetyl derivative » 
obtained, (u) in the presence of 
conce n tr a ted sulphuric aod but at 
the temperature of boiling wuter, 
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origiml reduction product is 
obtained and (in) in the presenoe 
of alkali at 0° an anhydro deriva- 
tive ib formed by the elimination 
of water from two molecules of 
the compound. 

(4) Phosphorus pentoxide 
gives original reduction product 

(5) Benzoyl chloride in the 
presence of pyridine gives two 
products (i) m the warm, anhydro 
compound is obtained, while (u) at 
0° only benzoyl derivative is ob- 
tained. 

(6) Phenyl hydrazine gives 
diphenylhydrazones. 

(7) Dimethyl sulphate gives 
methyl ethers. 

Other reactions like that of con- 
centrated nitric and, ammonia, 
caustic soda are also tried with 
benzamide compound, with a view 
to isolate the derivative of the 
other half but without success , and 
only derivatives of benzoic acid 
could be isolated. 

PART II . — Condensation of 
bromal hydrate with aliphatic 
amides. 

The bromal derivatives are pre- 
pared from fortnamide to pelargon 
amide and their properties with 
the corresponding chloral deriva- 
tives are compared. It is found 
that in the case of bromal deriva- 
tives, higher homologues can be 
more easily prepared than the 
lower ones. 

The following reactions of 
hydroxy group are studied. 

(l) Acetic anhydride gives an 
acetyl derivative as well aa an 
anhydro compound. • 


(2) Benzoyl chlonde gives 
benzoyl derivatives. 

(3) Dimethyl sulphate gives 
methyl ethers. 

(4) Phosphorus pentachloride 
gives different products according 
to the quantities of the reagent 
used when the condensation pro- 
duct and phosphorus pentachloride 
are in the proportion 1 I, OH 
group only is replaced by chlorine 
atom , with 1 • 2 a compound with 
two atoms erf chlorine is obtained, 
probably due to a tautomeric 
change first taking place at the 
CO group , while with more pen- 
tachloride the bromine atoms are 
replaced one by one except the last 
one. 

Reduction of the condensation 
product with zinc dust and glacial 
acetic acid gives unsaturated com- 
pounds of the type R CONH CH 
CH Br , but if the reduction of 
the acetyl derivative of the con 
densation product is carried out 
under similar conditions, the re- 
duction products have the consti- 
tution similar to chloral drivatives 
ne R CO NH CH CX„ 

G.V.J. 

XXVI — Condensation of alkyl- 
o-tolutdines with chloral 
hydrate. Part I — By A. H. 
Advani for the M Sc. degree in 
March, 1933. 

Methyl and ethyl-o- tolutdinea 
are condensed with chloral hydrate 
in the presenoe of fused zinc 
chlonde and the condensation pro- 
ducts were isolated from the 
hydrochloride by mans of am* 
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monuL They are converted into 
mtrosoderivativea by means of 
nitrons acid and their mono and 
di-acetyl derivatives are described 
These acetylderivatives give the 
same reduction product p- ( (3- 
dichJoroethylene )-0 N -alkyl -aceto- 
tolmdide-when reduced with zinc 
dust and glacial acetic acid. The 
condensation product with dilute 
sulphuric acid forms sulphate 

The diacetyl derivative on oxi- 
dation with potassium perman- 
ganate gives acid which on de* 
acetylation gives p raethylammo- 
tn tolmc acid which proves the 
point of attack for chloral hydrate. 

PART II . — Nitrahon of c Mo- 
ral alhyl-o-toluidtnes and chloral 
cdkylantlxnes 

By the action of concentrated 
nitric acid, at the temperature of 
freezing mixture, on p-(a-hydroxy- 
p-tnchloroethyl) O-methyl toltudine 
I a mono-mtro compound II, with 
the mtro group in O-position to the 
amino group and chloral group in- 
tact is obtained The diacetyl 
derivative of II is described. If 
the mono or diacetyl derivatives 
of I are nitrated, 2-methyl-4-( a 
hydroxy P-trichloroethyl ) phenyl 
N-methyl mtramine III is obtain- 
ed which is acetyl ated. 

With warm mtric acid, I gives 
a duutro compound IV with the 
other mtro group in place erf the 
hydrogen of the amino group. 
This is further acetylated. Still 
further action of nitric acid re- 
moves the chloral group and it is 
replaced by a nitro group* This 
mtro compound with concentrated 
eulphunc add gives adini tr o al troo 


amine. 

When compound IV is oxidised 
with alkaline potassmn perman- 
ganate 4 - methyl mtramino-3- 
methyl-5-nitro benzoic acid is ob- 
tained. 

Similar compounds are obtained 
from p-(a hydroxy (1 tnchloroethyl) 
-O-ethyl toluidme. 

From p-( a-hydroxy- 0 - tnchlo- 
roethyl ) dimethyl aniline, a 
trmitro compound is obtained with 
chloral chain unaffected and a 
hydrogenation of the dimethyl 
amino group replaced by mtro 
group , but by further action, 
whole methyl group is replaced by 
mtro group Their acetyl deriva- 
tives are described 

PART III — Halogenatton of 
chloral- A IkyUo-toluxdwes and 
mtrahon of the resulting pro • 
ducts 

Brommation and chlorination 
of chloral methyl and ethyl-o-tolui- 
dines is carried both m the pre- 
sence and absence of a carrier 
( Iodine ), when mono-halogen 
derivatives are obtained in both 
cases, with halogens in O-position to 
the ammo group. This is proved 
by preparing di-acetyl derivatives 
and by oxidising with alkaline 
potassium permanganate when a 
bromo or chloro ketonic acid is 
obtained. 

With mtnc acid, these halogen 
compounds give mtrodenvmtives 
with mtro group in {dace of the 
hydrogen of the amino group as 
proved by the formation of only 
monoacetyl derivatives. 

G. V* J# 
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XXVIL — “ Interaction of thionyl- 
chloride with the iota* of 
Aromatic Hydroxy aotda in 
the preeenoe of finely divided 
copper* (A synthesis of thu> 
ethers of the aromatic hydroxy 
acids), By Y. M. Chakradeo, 
the Royal Institute of Science, 
Bombay. 

Ttuonyl chloride is known to 
react with aromatic hydroxy 
compounds, producing chloro- 
derivatives, esters of sulphurous 
adds, Solphoxides or Sulphones 
depending upon the conditions of 
reaction. 

Phenols react vigorously with 
thionyl chloride to give condensa- 
tion product, containing sulphur, 
while acids, including hydroxy 
benxoic acids, yield acid chlorides 
or anhydro compounds, wherever 
they react It was, therefore, of 
interest to see if hydroxy benzoic 
acids could be made to give these 
compounds. Esters of hydroxy 
acids in question were usual since 
it was found in this laboratory 
(by N. W. H.) that various 
anhydro compounds are formed by 
the interaction of— OH and 
— COOH groups. 

The mechanism of the reaction 
can be illustrated as follows, with 
the help of salicylic aod. 

(i) 3 Cu+4 S0C1,-*S,C1,+ 
3 CuCI|+2 SOs 

(u) 2C«H«OHCOOCH»+S. 
CliSj (C*H».OH.COO CHi)i. 
S+2HC1+S 

(di) 2CuCl, + SOi - Co, Cl, 
+SOsCli 

(iv) 3CuiO,+4 soa.-s, 

Clj+6 Ct»a,+2SP| 


Thionyl chlpndo first rwets with 
copper to give sulphur mono- 
chlondo, which in its tarn, acts, In 
presence of Copper, on the ester to 
yield the condensation product 
Copper chloride is formed in the 
first stage and sulphur precipitated 
during the second part of the 
reaction. Sulphur dioxide, which 
is abundantly formed in the re- 
action reduces cupric chloride to 
cuprous chloride, which is acted by 
thionyl chloride again to produce 
more of sulphur monochloride, thus 
rendering the reaction continuous. 

Following reactions lead their 
support to the proposed median- 
ism, 

(a) Anhydrous cuprous chloride 
in place of finely divided copper 
reacts to give the condensation 
product 

(b) Hydrated cupric chloride 
reacts to give the product, but 
anhydrous cupric chloride does not 
react to give the product It reacts 
to give the product only when a 
trace of water is added or sulphur 
dioxide is passed in the reaction 
mixture. 

(c) Sulphur monochlonde alone 
does not react so as to produce 
the thio ether, which is easily 
obtained in presence of «™n 
quantities of copper. 

As regards the constitution of 
the condensation product (a) the 
presence of the-OH group in the 
molecule has been proved by 
preparing acetyl, benzoyl and 
methoxy derivatives $ (b) The 
sulphur l in ki ng in p-podtJoo to 
tboOH group has bean con- 
firmed br denitratinf the poo* 
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densation product ; ( 2 ) by bromi- 
nating it first and then nitrating the 
bromo compound aod thus getting 
the known bromo- mtro deriva- 
tives. When the compound is 
heated above 280 p , hydrogen 
sulphide is evolved, showing the 
presence of the sulphide structure. 

Thus the thio-ethers of salicylic 
acid, O-and M-cresotimc acids and 
4 -methoxy salicylic acid, have been 
prepared with their various deriva- 
tives and salts. 

N. W. H. 


XXVIII . — Denvativts of salicy- 
lic acid by M. R Jambhekar 
(The Royal Institute of Science, 
Bombay). 

The Thesis is divided into three 
parts — (l) Study of the isomeric 
nitro-toluene-sulphomc acids ( 2 ) 
synthesis and constitution of 4 -sul- 
pho- salicylic acid (3) Derivatives 
of 4 -sulpho-salicylic acid. 

PART I. — Nitration of toluene 
p^ulphomc acid is effected so as 
to get the sulpho-mtro-toluene free 
directly, using acetic anhydride 
in the place of concentrated sul- 
phuric acid as a medium for nitra- 
tion. 

O-nitro-toIuene also has been 
sulphonated at various tempera- 
tures with the view to find out 
whether 2 -Nitro-toluene- 6 -sulpho- 
nic acid is obtained together with 
the 2-mtro-toluene - 4-sulphomc 
acid. The work is in progress 
and it is expected that 2 -mtro- 
toluene- 6 - sol phonic acid may be 
obtained from the mother-liquor 
on closer investigation of it, 


In the meanwhile 2 -nitro-to- 
luene 6 -suIphonic aod has been 
obtained from 2 4 dinitro-Aoluane- 
6 -sulphomc acid by the elimination 
of the 4-mtro group. Composi- 
tion of the 2 mtro-toluene- 6 -sulpho- 
mc acid is C 7 H 7 O 1 NS, 2H|0* 
Barium salt (C|H«0|NS)i Ba, 
8 H 1 O Its sulphonyl chloride 1 b 
a liquid and snlphonamide m p ? 

2 4 Dmitro- toluene -6 sulphomc 
acid is very conveniently obtained 
by sulphonation first of p-mtro- 
toluene and subsequent mtration 
of 4-mtro-toluene-6-sulphomc aod. 
Free-snlphomc acid can be ob- 
tained direct bom the mtration 
mixture by slight dilution. Com- 
position . GiH»OjN|S, 2H»0 ; 
Potassium salt CtHiOiNiSK, 
2 H ( 0 , sodium salt CtHiOtNi 
SN a, calcium salt (CrHtOrN|S)i 
Ca, 4HjO, Barium salt (CtHiOt 
NjS)i Ba, 4H*0. Sulphonyl chk>. 
tide CtH» 0»N,SC1 m.p. 107°. 
Sulphonamide cannot be obtained. 
2-Nitro-4~-aminotoloene-6-aulpho- 
mc acid CjHaOiNtS, Potassium 
salt CtHiOiNsS, K, 2HjO sulpbo- 
chlonde and sulphonamide . 4 - 
diazo- 6 -mtro-toluene 2 -sulphonate 
decomposes violently at 160°. 

PART II — On oxidation of 2- 
mtro-toluene-4-sulphomc aod with 
potassium permanganate at room 
temperature 2-mtro-4-»ulpboben- 
zoic acid CrHaOtNS, 2\ HtO is 
obtained. Aod potassium salt is a 
anhydrous, barium salt C 7 HjCbN-S 
Ba, 2HjO. Acid dichloride is 
hquid and diamide melts at 223°- 
225° aod monochlonde m. p. 
202 ° aod moDoamide 192®. 

On reducing the 2-mtro-4-sn]- 
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pbo- benzoic add with tin and 
hydrochloric add 4-sulpho-au- 
thranilic add is obtained 
comp — CiHrO,NS, HjO, barium 
salt Cr Hi O, NSBa, 4-sulpho- 
anthranllamide CjHgO^NjS m. p. 
227°-28°. The diazo solphonate 
C«H|*N . N'COOH SOj, H«0 

decomposes at 163°-164°. On 
boiling the diazo-sulphonate with 
water apart from the diazo mix- 
ture free-4-sulpho- salicylic acid is 
directly obtained. It is hygrosco- 
pic at 3 5° (room temperature), 
comp. CrHgOgS, 3H|0 (air dry * 
m. p. 82°) ; CiHgOgS, 2H,0 
(desiccateral : m. p 133°) , acid 
sodiom salt QHgOgS Na, 2H|0 
Aod-potassmm salt C1H1O1SK 
Barium salt CrHgOgS Ba, 4H|0 : 
calcium salt CiH 4 OgS Ca, 6H,0. 

On fusion with potassium hy- 
droxide 4-sulpho- salicylic add 
gives 2 . 4 dihydroxy benzoic acid 
(P-resorcylic acid) m. p. 208°. 

PART HI. — 4-sulpho-salicyhc 
acid is nitrated, and brominated 
and it has been shown that not 
only mono-nltro-sulpho and mono- 
bromo-sulpho- salicylic acid is ob- 
tained, but a dinitro-sulpho and 
a dibromo-sulpho-salicylic is ob- 
tained : which shows the unusual 
stability of 4-sulphonic add group ; 
unseen in 3-sulpho and 5-sulpho 
salicylic adds. Tnbromo-4-sulpho- 
aabcylic acid also is obtained on 


further brominabon whidi shows 
that die directmg inflnences of 
p-Br + m-S0gH+0-Br>than 
the repelling influences of — OH or 
— COOH. 

The compounds described are 
as follows . — 

2 15 

(1) C|Hs-OH*COOH-NO|. 
4 

SOjH 2H,0, m. p. 166-167°. Po- 
tassium salt, C7H4O1NSK, H,0 : 
barium salt QHgOgNS Ba, H|0 . 
amino acid CtHtOiNS. 

2 1 3 4 

(2) CgHOHCOOH-NO,-SO« 
5 

H*NO| (decomposes above 260°). 

Potassium salt CiHtOuNsS K** 
barium salt QHAoNgSBa, 2H,0 
mono-amino acid CrH«OgN|S : 
diamino acid — CiH,0|N,S. 

2 1 5 

(3) C«H| • OH • COOH • Br 

4 

SO|H, 3HjO — Add potassium 
salt C1H4O1S Br k barium salt 
CjH|0* S Br Ba, 4H,0. 

2 13 4 

(4) C«H OH*COOH*Br*SO» 

5 

H Br, H,0 banum salt CrH,0» 
S BrjHjO. 

2 13 4 

(5) C« • OH • COOH • BrSOg 
5 6 

H • Br • Br • 4H,0 . barium salt 
C1HO1 SBr. 2H»0. 

N.W.H, 



Notes and News 


We are glad to note that our 11 Notes and News " in the issue of 
last September were reviewed in the 1933 February Number of the 
Nature ( No. 3303, VoL 131 ) and the main idea underlying them was 
favourably endorsed by its editor. We pointed out then that there was 
a senous gap between the rapid scientific advance on the one hand and 
the stationary ethical position on the other — a gap which threatened the 
disruption of civilisation and that it was the argent duty of every 
university to see that this gap was closed up, that the advance of science 
proceeded along a parallel advance in man's ethical and spiritual 
development, and that the motto of science should be not only Truth 
but Truth and Service. 

The failure of the World Economic Conference recently held in 
London from which large developments were expected and on which 
great hopes were built is one more illustration of the statement made 
above. The cause of the failure of the Conference may be summed up 
m one word. The statesmen of the different countries of the world who 
met together for the first time in the history of the world for evolving a 
common formula to solve the present day economic world problem did 
not agree for the simple reason that they did not think in terms of 
humanity as a whole and did not wish to plan for the whole of mankind 
but each representative thought in terms of his own country and want- 
ed to get as much for his country as possible A very narrow outlook 
indeed 1 It seems that the following Lesson has not yet been learnt , 
vie n that the world is one organic whole and that the different countries 
of the world are so many parts of that organism and that one country 
cannot expect to prosper at the cost of another country, however small 
it may be ; all rise and fall together. The weakness of one pert of the 
human organism makes the whole organism weak. Each one should 
co-operate with and help the other if the whole organism is to be made 
sound and healthy. If the present world depression has not taught this 
lesson then what will ? If the last great war, with all its direful after- 
effects, has not taught this lesson then what will ? Are still greater 
suffering and misery and economic depression necessary to teach that 
lesson ? Suffering is the greatest of teachers. But is there no other 
alternative? Cannot the same lesson be learnt in some other way 
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withoat undergoing Goffering ? Yes, it Is possible. A new orientation 
is necessary. In giving this new orientation the university could and 
should play a very important part. If it is taught from the very begin- 
ning that there is a greater pleasure and happiness m giving and 
sharing what one has got with others than in receiving then the knotty 
economic problems will automatically disappear This brings us once 
again to the question with which we began vtz, 9 how to bridge the great 
gulf between the rapid scientific and engineering advance on the one 
hand and the stationary ethical position on the other ? How to make 
man control himself before the control of Nature is put into his hands ? 
In other words, how to make him ethically fit to enjoy the gifts of 
science ? How to make him realise his great responsibility as to the 
use of the forces of nature placed under his command ? If he makes a 
good use of them then peace and joy , plenty and prosperity, leisure, 
culture and refinement will be the blessings he will be able to give to 
the whole humanity. On the other hand, if he made a bad use of them 
then the whole fabric of civilisation would tumble down* These dan- 
gers to our present civilisation, due to the neglect of the ethical values, 
have been recently emphasised by the distinguished Presidents of the 
British Association, Sir Alfred Ewing and General Smuts. 

The excellent and thoughtful lecture given by Dr Alexander 
Findlay, on 11 Science and the Community ” on 10th November 1932 at 
the Textile Institute, Manchester, strikes the same note and deserves 
our careful study. This lecture is an attempt to show that m the study 
of science the utilitarian point of view has been too much emphasised at 
the cost of the development of the finer qualities of human nature. In 
the study of science we should see that the human factor and the higher 
values of life are not lost sight of Scttnce should now be humanised . 
The cultural and spiritual side of science should now be emphasised . 
Dr. Findlay wants the Scientists to recognise that Truth which is the 
Motto of Science is only one of the three great primary aims or ends m 
human nature ; the other two are Beauty and Goodness which are 
equally important. If we desire human nature to be developed fully 
and completely, tf we wish to have an all round development of the 
human personality then all these three aims must be pursued. There ift 
no sharp line of demarcation between Truth, Beauty and Goodness. 
Some branches of study emphasise one aspect and some another bat 
each of the following subjects given in the table below should be treated 
in such a way that while it emphasises one aspect it should not neglect 
the other two: 
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Truth, 

Beauty, 

Goodness 1 



p (Mathematics, Science, Philosophy) 

Truth, 

Love, 

Service J 

Truth, 

Beauty 

Goodness "J 



j* ( Aesthetics, Art, Literature) 

Truth, 

Love, 

Service J 

Truth, 

Beauty 

Goodness 'I 



1- (Civics, Ethics, Humamtanannm) 

Truth, 

Love, 

Service J 


There is do religion higher than Troth. 

There is no power greater than Love. 

There is no duty nobler than Service. 

We thus see that truth satisfies the claims of the intellect, beauty 
satisfies the claims of emotions and goodness satisfies the claims of what 
is the highest and the noblest m man (viz., Spirit) which finds expres- 
sion m the will to be true, loving and serviceable. These three should 
constitute the Religion of Humanity. It is this religion which the 
University and the State should inculcate in its alumni and its people — 
a religion of Truth, Beauty and Goodness, — a religion of Truth, Love 
and Service It should, therefore, be the mam function of the Univer- 
sity to see that it provides such facilities to its students and it should be 
the duty of the Government and the leaders of the people to see that 
they bring about such an order of society that human nature may be 
able to find its fullest and most complete expression through the 
cultivation not only of " truth ” but also of “ beauty " and “goodness,” 
of love and service. 

In light of what we have said above if we examine what is being 
done by our University to satisfy the three great primary ends u human 
nature we cannot help feeling intense disappointment In our Univer- 
sity only one aspect is emphasised vts., that which satisfies the claims of 
the intellect and that, too, not sufficiently strongly and except for the 
study of literature the two other aspects are ignored altogether. It is 
very necessary that steps should be taken to introduce, one after 
another, courses of study which would make up for the existing defici- 
encies and help to create a new generation of men and woman with an 
altered mental outlook who would be true to themselves and loving and 
helpful to others. 


D.D.K. 
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We take this opportunity of offering our congratulations to Sir 
rhftnHramlchflr ft Venkata Raman Kt« on his being the first Indian Direc- 
tor of the Indian Institute of Science, Bangalore. A Fellow of the 
Royal Society, England, a Nobel Laureate in Physics and a great 
scientist of international reputation, Sir C. V Raman will prove to be 
a capable Director and being a researcher of first rank himself will in- 
fuse his spirit of research into one and all working there. Having set 
a noble example of sacrifice at an early age by giving up a lucrative 
post m the Finance Department where he would have risen to the high- 
est grade he devoted himself to research and became a true votary 
of Saras vati. A man of such high attainments and noble character 
is bound to inspire all the workers at the Institute, both teachers 
and students alike, and we have every hope that under his leader- 
ship the Indian Institute of Science will fulfil the destiny which its prin- 
cely donor, the late Mr. Jamshedji Nassarwapji Tata, had contemplated 
for it. 

* * + 

Living as we do in the twentieth century— a century in which science 
has made such rapid progress in different directions — it becomes increas- 
ingly clear that the nation which is the first to take advantage of the app- 
lications of science, be it in matters of food and nutrition, or industry 
and commerce, or agriculture and medicine, or sanitation and hygiene 
will remain in the vanguard of civilization and its people will become 
the leaders of the race Knowing this as we do we note with regret 
that Ahmedadad which boasts of being the Manchester of India has not 
got a siigle Central Laboratory where raw materials could be analysed 
and where researches on a number of problems connected with the tex- 
tile industry could be carried out There are more than 80 textile mills 
m Ahmedabad which buy thousands of tons of raw materials every year 
for their different departments which in money value come to about two 
crores of rupees. The address* given by Dr. T. S. Wheeler on the 
applications of Science in the Textile Industry shows in how many dif- 
ferent directions science would be helpful in the mill industry. 

Contrast with this sad spectacle the picture presented by Messrs, 
Lyons A Co. of England who are mere caterers but who were enlight- 
ened enough to recognise and appreciate the value of science m their 
own business. They began with one small laboratory and one chemist 
in 1919; within six months they found that one chemist was not enough 
and they added another ; in 1927 they had 77 well-trained, handsomely 
paid chemists working e ither in the analytical or research section of a 

"The addieea on “ The Applications of Science In the Textile Industry ” was 
riven to Dr. T. S. Wheeler, Principal, Royal Institute of Science, Bombay on 3rd 
December 1932 on the occaakm of the Thirteenth Annual Social Gathering of die 
Gujarat College Sdendflc A s soci ati on, A hm eda b ad A copy of tfcto addme wfll 
b# obtained free ridbaigeflw Prof. D. IX Ksnga,GujiairiCfli^ Ahmedabad. 

TT 
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big laboratory. This is an excellent illustration of the fact that the 
applications of science and the employment of scientists in on industry 
are capable of increasing the dividends in that industry and bringing 
prosperity to it. When will our industrialists realise this ? 

* * * 

A person cannot live without air for more than three minutes, 
without water for more than three days and without food for more than 
three months. This shows the relative importance of air, water and 
food. With regard to air and food attention is invited to the two arti- 
cles in the present number, one on ' Smoke and its prevention ’ and the 
other on 4 Dietetics Food and Race ’ 

It is not an unusual sight to observe in a big industrial city like 
Ahmedabad every evening in cold weather more than a hundred tall 
chimneys belching forth smoke and polluting the atmosphere. The more 
polluted the atmosphere of the place by smoke and dust, the greater the 
number of people suffering and dying from respiratory diseases. Smoke 
nuisance is due to (l) factory smoke, (2) domestic smoke, (3) dust, and 
(4) calm still atmosphere in winter. The total quantity of coal consum- 
ed in factories and mills in a city like Ahmedabad is about 1500 tons 
per day. The smoke in the atmosphere indicates so much coal wasted 
and so much energy lost. What is the remedy ? The article on f Smoke 
and its Prevention' shows the lines on which the industrialists using 
large quantities of coal should proceed if they wish to tackle this pro- 
blem , the adoption of the measures given therein would, not only, help 
the industrialists to effect a great deal of saving on their fuel bills, but 
also help to improve the sanitation of the city by keeping the atmos- 
phere pure and unpolluted as far as possible. 

One of the measures to reduce the nuisance due to domestic smoke, 
particularly in the area inhabited by the labouring population which 
number more than a third of the whole population in a city like Ahmeda- 
bad, is suggested m the article 1 Dietetics Food and Race The 
author discusses in this article the intimate relationship between 
health, physical efficiency, and output of work of the working population 
on the one hand and the food they eat on the other. It necessarily 
follows therefrom that if the industrialists wish to have an increased 
output of work they will have to pay more and more attention 
to the food of their workers. Again, the preparation of a well- 
balanced diet presupposes a fair knowledge of the foodstuffs, which 
one cannot expect our labourers to possess, it would, therefore, 
be to the advantage of the industrialists if they provided properly 
constituted meals to their workers in big halls specially provided 
for the purpose as is being done in Japan. The meals would be prepared 
in about adozen big kitchens each catering for its own class of people 
and using only smokeless fuel ( soft coke ). This is purely a business 



Mona amd raws 


363 


proposition and we cannot too strongly impress upon the industrialists 
of big cities like Calcutta, Bombay, Ahmedabad, Nagpur, Cawnpore etc, 
of oar country the need of paying their serums consideration to this 
important question. The example of Japan is before them. One of the 
reasons of the greater efficiency, and consequently the greater output 
of work by their workers, is the meticulous care the Japanese take in 
providing them with properly constituted meals under the supervision 
of doctors. If our industrialists properly tackle this problem they will 
not only benefit themselves by having an increased output of work but 
will also have the satisfaction of improving the sanitation of the city and 
the health of the people by diminishing the nuisance due to household 
smoke. 

* * * 

Millions of people in India live on a purely vegetarian diet The 
researches earned out on nutntion have shown what a great influence a 
well-balanced diet has on the health, physical efficiency, powers of endu- 
rance, freedom from diseases, output of work etc, of those taking such a 
diet They have again shown that it is necessary to have a certain pro- 
portion of animal protein and animal fat in the food of every person. 
Major-General Sir Robert McCarrison has calculated that to be 33% 
animal protein and 50% animal fat. The only food materials from which 
the vegetarians could expect to get these nutritious constituents are milk 
and milk products like curd and butter It is therefore of the utmost 
importance that these should be available in a pure and unadulterated 
form. 

The large number of raids and prosecutions that we had of late in 
Bombay in connection with batter and the large number of facts which 
have come to light in that connection show that the adulteration of food- 
stuff, particularly of ghee and butter and also of milk is going on at a 
rate and on a scale which are simply scandalous The existing law is 
not strong enough to act as a deterrent on the miscreants. It is there- 
fore absolutely necessary that a new act should be passed which would 
permit of the imposition of not only a very heavy fine on those found 
manufacturing and (or) selling adulterated food-stuff which are vital for 
the health of the people but also rigorous imprisonment 

The laws of a country reflect the progress and civilization of its 
people. If Mother- India wishes to have a nation of healthy, stroig and 
wile sons and daughters, then she must see that her children get pure 
air to breathe, pure water to drink, pore and wholesome food to eat ■"<< 
clean and healthy surroundings to live in. She should, therefore, see that 
aha has got adequate laws to punish those who pollute the atmosphere, 
contaminate the water and adulterate the food 


D.D.K, 
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INDIAN SCIENCE CONGRESS 

In February last, representatives of various scientific and educa- 
tional institutions in Poona met together and decided to invite the Indian 
Science Congress to hold its 21st Annual Session m Poona in January 
1934, under the auspices of the University of Bombay. The university 
also agreed to this proposal and sanctioned a grant of Rs 2000 
towards the funds of the Local Executive Committee, who took up 
arrangements in connection with the Session The Vice-Chancellor, 
Mr V N. Chandavarkar was elected Chairman of the Local Executive 
Committee and the Director of Public Instruction Mr. R. H Beckett 
the Vice-Chairman, and representatives of the local scientific, educational 
and civic institutions were the members. They were assisted by two 
Honorary Secretaries Mr V. V. Sohoni of Meteorological Office, 
Poona, and Dr D D Karve of Fergusson College 

After carrying on preliminary work of organising the meeting and 
collecting quite a considerable amount of money, the continued preval 
once of plague m an epidemic form made it necessary to change the 
venue of the Congress to Bombay Major Bhatia, the Dean of the Grant 
Medical College and Prof P R. Awati of the Royal Institute of 
Science were appointed as additional local secretaries and they took up 
the work of organising the meeting with the co-operation of the old 
local secretaries as well as of the Staff of the Royal Institute of Sci- 
ence. The session was a great success from every point of view and 
the attendance of members from other provinces was entirely satisfac- 
tory. A handbook of information of Bombay and Poona containing 
contributions from a number of authorities on different aspects of edu- 
cational and scientific activities was published to commemorate the 
occasion and will prove a valuable book of reference The address of 
the President of the Congress, Prof Megh Nad Saha, of the sectional 
presidents, the popular evening lectures and the social entertainments 
were all greatly appreciated by the delegates and the conference has been 
of great value in promoting scientific interest m our presidency. 

D. D. K. 

* * * * 

THE EIGHTH CONFERENCE OF THE INDIAN 
MATHEMATICAL SOCIETY, JUBILEE SESSION 

At the invitation of the University of Bombay, the Indian Mathe- 
matical Society held its eighth Conference in Bombay from the 21st to 
the 24th December 1932 It was presided over by Rao Bahadur P. 
Seshu Aiyar I E S. (Retired) and a member of distinguished mathe- 
maticians including Dr. Megh Nad Saha, Mr. V. Ramaswamy Iyer, the 
founder of the Society, Mr. M. T, Naramengar, Principal A. V, K* 



The Indian Mathematical society. 

EIGHTH CONFERENCE, SILVER JUBILEE SESSION, BOMBAY* 
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Menon, Prof. Arunacbala Shastri and others attended the Session. Dt. 
Magh Nad Saha F.ILS. gave a pabhc address on "The Present Crisis in 
the Science of Dynamics". The session was also the occasion for the 
celebration of the Silver Jubilee of the Society. 

H. E. Sir Fredenfck Sykes, the Governor of Bombay and the 
Chancellor of the University was the Patron of the Conference and 
gave an inspiring Inaugural Address on the morning of the 21st 
December. Mr. V. N. Chanda varkar, our present Vice-Chancellor 
then Mayor of Bombay, took a keen interest in the Conference as the 
Vice-Patron and he and Mrs. Chanda varkar were “At Home" to the 
conference on the evening of the 23rd December. Principal John Mc- 
Kenzie, then Vice-chancellor, was the chairman of the Reception Com- 
mittee and presided at the public address by Rao Bahadur P. V. Seshu 
Aiyar on “The Nature of Mathematics and Religion” on the 24th 
December, that being also the occasion for the celebration of the Silver 
Jubilee of the Society. 

Principal N M Shah, Principal G S. Mahajani and Prof. K. R. 
Gunjikar were the delegates from the University of Bombay to the 
Conference. Prof G. R Paranjpe, Mr. D C. Pavate and Prof. K. R. 
Gunjikar were appointed by the Board of Studies in Mathematics to be 
in charge of the local arrangements, Prof. Gunjikar being the Honorary 
Local Secretary. 

An interesting programme was earned out which besides the reading 
and discussion of papers included three public addresses (in addition to 
those by Dr. Saha and Rao Bahadur Seshu Aiyar, one by Dr. R 
Vaidyanath Swamy on the “Nature of the Continuum”), two “At 
Homes", (one with Mr. and Mrs. Chanda varkar and the other with 
the Reception Committee), Jubilee Celebration and presentation of an 
address to Mr. M. T. Naramengar (a visit to the Oriental Life Assur- 
ance Company’s offices) and a trip to Elephants. The public functions 
were arranged at the Sir C. J. Public Hall, while the rest of the pro- 
gramme took place at the Royal Institute of Science at the kind invitation 
of the Principal Dr. T. S. Wheeler. As a special feature of this Confer- 
ence, were the two Discussions on the teaching of Mathematics in 
y-hoala and in the University which were well-attended and greatly 
appreciated. 

The Conference ended with a trip to Elephanta on the 24th 
December. The expenses were met from the generous grant of Rs. 
1000/- made by the University of Bombay, for which fl«nlrn are due 
from all interested in the progress of Mathematics in this Presidency. 
It is to be hoped that the enthusiasm created by the visit of the Society 
to Bombay will be kept alive by the foundation of a School of Mathe- 
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matics under the ouspioee of the University. The public of Bombay 
led by the Mayor also showed a keen appreciation of the work of the 
Conference by contributing handsomely to the reception of the Dele- 
gates and attending the public functions in large numbers. The Confer- 
ence passed sincere votes of thanks to them all. 

K.R.G. 







Obituary 

The Late Rev P Sacasa, S J 

On July 1, last — shortly after the re opening of the College, one of 
the Bombay Colleges, St Xavier’s College, lost its Principal, the late 
Rev F Sacasa S J , who diet! at the early igt of 44 

Fr. Sacasa had been Pnnnpal of the College for a little more 
than a year only, but he had already won the esteem of staff and 
students alike by his gem'll manner, his constant cheerfulness and his 
sympathetic treatment of all alike A large educational institution 
offers new and often intricate problems day by d iy, and the man who is 
called upon to solve these, has a difficult task set Ik fore bun It Sacasa 
entcicd upon his work with a spirit of great optimism and iftrr winning 
the sympathies of all those with whom and for whom he had to work, 
his task became a fairly easy one, evm though at Units the large 
amount of routine work, taxed his physical stiength to its utmost He 
was perhaps too anxious to do well, and the heavy work at the begin* 
ning of the new academic year told on his health 

To make matters worse, Fr Saeasa had fur some tune lieen suffer 
mg from slight chronic apjiendu itis, vvlueli now lx i ami aiuteand an 
operition lx came necessary In spite of lus own, the Uortors’ and his 
friends’ confident hopes, the (vatient w is not ihle to stand the stiain of 
the operation and he died a few days later 

The funeral which was largely attended by students as well as by 
many of his colleagues, of other Colleges, showed how popular the 
deceased was The University was represented at the funeril, by the 
Vice Chancellor himself and the Registrar 'I he death of one of its 
most able professors is a great loss to St Xavitr’s College All the 
Bombay Colleges held condolence meetings, or closed for one day in 
token of respect for the memory of the deceased 

Fr Sacasa was born at Barcdona, Spain, on June 7, 1889 After 
his early education in his own native town, he joined the Jesuit Order 
at the age of 16, and went through the oulmary <ourse of a Jesuits 
education — in his case no less than 13 full > ears of classical, pluloso* 
phical and theological studies, to which were added siiecul studies of 
science and especially thtmislrj, vv Inch he was ultimately to nuke his 
special branch He spent a number of these years in America, mostly 
at the University of bt Louis, Missouri After completing his studies 
of philosophy, he was sent to teach chemistry for a number of years, at 
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the Ateneo, the Jesuit School of Manila, in the Philippine after 

which he returned to the United States, where he specialized in chemist* 
ry before he came oat to Bombay to take up the post of Professor of 
Chemistry at SL Xavier’s College. This be held from 1924 till the end 
of his life, adding to it the work of Principal during the last year. 

Fr. Sacasa was a man of rare talents, of quick perception, and 
capable of getting through a large amount of work in a short time. His 
scholastic career bad been brilliant, and as a teacher he was able to 
bold the attention of his hearers and to make the teaching of a very dry 
subject, both lucid and interesting He was, of course, frequently an 
Examiner in Chemistry, and at the tune of his death he was a member 
of the Senate, of the Academic Council and of the Syndicate of the 
Bombay University. 

G.P. 



Reviews 


Contribution 1 l'analyse dea substances toxiques et des stapdfi- 
ants. Sur la dtamverte de la non-sptofidtd des reactions chinnqoes 
employees poor dficekr la presence du chanvre indlen ou hachich et 
d6riv6*. Par Henn Trolld, Inginieor-ehimiste dlplbmfi de l'fcole 
(finginleurs de Lausanne, expert francais prfes le tribunal mixta dn 
Calm. Le Cairo — Imprunene Paul Barbey. 1933. 

This short pamphlet of 21 pages contains two parts * — 

1. In the first part the author describes chemical experiments 
which prove that (i) Beam's reaction may tail to detect the presence 
of cannabmol in an extract which contains it , ( «) this same reaction 
obtains with other drugs than Indian Hemp and is not. therefore, 
specific ; (m) there is no specific reaction for cannabmol. 

2. The second part is a reprint of Dr Giuseppe Rende'a contri- 
bution to Qffictna No. 6, November-December 1931, in which he 
proves by chemical and physiological experiments that Beam's reaction 
is not specific for Indian Hemp. 

J.F.C. 


Through Wonderland* Of The Umverm. By R. K. Goukere. 

Pp. XVIII +400 with Frontispiece. Tuaporevala Sons and Co, 

Hornby Road, Bombay. Price Rs. 6-4-0. 

This bode deals with a variety of subjects of geolog ic al , physical, 
astronomical and astrophysical nature and in the words of the author 
" it is not a learned treatise, but a simple elementary study, a modest 
attempt to awaken a taste for Science among those who ordinarily take 
little interest in it ", 

The first chapter contains information about the nature of die 
earth and a collection of some interesting finds in its intenor observed 
in different parts of the world. The chapter ends with remarks on 
some theories about the physical state of the earth's interior, cuun t yinif 
nature of earthquakes and their probable depth. In the next chapter 
is given some interesting information about the ocean, with a brief 
account of marine zoology. The third chapter contains infonrabon 
about some well-known low-lying lands, taoaaHaiah, lakes, springs, 
waterfalls, heights of some clouds, atfoctuias built in various parte of 
m 
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the world, the highest heights readied fay balloons, buds, men etc. 
It also incidentally describes the nature of work done at various offices 
of the India Meteorological Department The next two chapters give 
information about volcanoes and detailed accounts of some well known 
volcanic eruptions and the giant peaks of Asia. 

Chapters VI, VII, VIII and IX deal with the troposphere, die 
tropopause, the stratosphere and still higher regions of the earth's 
atmosphere. These chapters contain information about phenomena 
observed at various heights in different parts of the world. A short 
account of researches of various investigators, of some natural pheno- 
mena and of the composition of the atmosphere is also given in these 
chapters. About these chapters it should be stated that the author 
could have given a more connected account of the various causes 
which are responsible for the weather experienced over different parts 
of die world and thus create an interest about a subject which concerns 
everybody from the point of view of the prosperity of the country — 
especially of a country like India whose major part of the population 
lives on Agriculture 

In chapters X to XVII the author has treated the subject of solar 
system, the galactic system and of the physical condition of stara and 
the nebulae. Probably the subject being too wide the author could not 
give much attention to various details about celestial bodies which one 
would have liked so much 

The author describes some giant telescopes of the earth in chapter 
XVIII. The next three chapters are short and deal with "Outer 
Space”, “ the Roof of the Universe” and the views of Sir Arthur 
Eddington on " Space and the Universe ”. Chapter XXII gives so me 
idea about the weight of the Universe. 

The last two chapters give a brief account of Astronomy in Asa 
up to the 18th Century and Hindu Cosmogony and Cosmography. 

In this book the author has dealt with a variety of subjects and as 
such it is but quite natural that too much detail about various things 
could not be given. The author has been very careful in ha selection 
of things to be presented to the reader in order to make the book 
popular, and as far as possible, has taken note of some of die latest 
relevant investigations. The book a sure to awaken a taste for Science 
amongst laymen— this has been the aim of the author in writing this 
book— and tbs author should be congratulated on it. 


B. N. D. 
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The Phyeioal Nature of the Universe.— By J. W. N. SULLIVAN. 

Victor GoUancz Ltd. pp. 143, pnoo If. 6 d 

It is do easy task to describe within the compass of a little more 
than one hundred pages the modern revolution m physical thought, 
bat the author of this book (Outline senes) has done it in an admirable 
maimer. He begins with Galileo who is considered to be the first man 
to make the idea of motion precise and amenable to exact mathematical 
treatment Then he gives a brief account of the dynamical theory of 
heat and the kinetic theory of matter In a short chapter that follows 
he clearly describes the various vicissitudes through which the atom has 
passed, shows how the hard and unbreakable atom of old had to make 
room for the Rutherford-Bohr atom having an exceedingly complex 
structure and how even this recent model has been finally abandoned so 
that at present the atom has passed out of all recognition and remains 
merely a mathematical symbol. Then he takes np the question of the 
ether and shows how the conflict between the results of experiments de- 
signed to investigate its properties brought us to the restricted theory 
of Relativity and describes some of the important results of this theory. 
Next he turns to the problem of gravitation and shows how Einstein's 
General theory of Retahvity which attributes gravitation to the curva- 
ture of space is more logical and satisfying than the old Newtonian con- 
ception. Lastly he shows how all the known laws of physics are 
macroscopic and therefore statistical and how Heisenberg's Principle of 
Indeterminacy makes exact measurement of the properties of individual 
atoms impossible and thus strikes at the root of the doctrine of scientific 
Determinism. Broadly speaking modern physics tends to think of the 
universe as much more subjective than the old and the methods of 
science cannot tell os anything about the ultimate stuff of which the 
world is made, at the most they give us some idea of its structure. 

The book is written in a simple and nontechnical language and can 
easily be followed by those who have a desire to get a glimpse of the 
trend of modern physical thought but have neither the leisure nor the 
equipment to read the more ponderous treatises on the subject 

S.N.D. 


Practical Chemistry . — By N. M. Shah, M. Sc., Second Edition 
(Dharwar . The Students' Own Book Depot, 1933). 

In this handbook the author has made a successful attempt to meet 
with the requirements of the syllabus of the Intermediate Soence course 
H) Pflcttwl Chemistry of the University of Bombay, 
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Put I deals wttb the methods of pntwitUoo and poriflcatJoc, a 
study of the proper ti e s of simple and compound s ubstances, determina- 
tion of eqnivaleat and molecolar weights and exercises in gravimetric 
and volumetric analysis commonly recommended m elementary 
practice. 

Part II gives an account of the customary dry and wet reactions 
cf positive and negative radicals and of the systematic procedu r e to be 
followed in the qualitative analysis of a single substance. 

Special attention has been paid to emphasise the fundamental 
principles of theoretical chemistry and to show how a neat entry of the 
experimental results and calculations obtained there fr om can be made 
in the journal. 

The book is expected to be of great nee to students as well as in* 
et r uctore of the Intermediate Science Chemistry Classes. 

M.S.S. 


The Fourier Intigral and Certain of it» Applications. By Dr. N. 

Wibnbr, 1933. (Cambridge University Pram) 

The subject of Fourier series has bean fairly exhaustively treated in 
a number of standard treatises on Theory of Functions and in special 
bodes on the subject The same has not been the case with the Fourier 
integral and one ie compelled to refer to vanona journals for results 
which would have otherwise found a natural place in a w ork 

on the subject Dr. Wiener’s book is in no sense a systematic treatise 
on the subject nor was it written from that point of view. It is an 
elaboration of a course of lectures delivered at r-amtip^ and 1 wk» 
in a sense, as the author himself says in the preface, the treatment 
is fragmentary. We welcome the book, however, as it avail- 
able in a book form most important recent researches on the subject 
from the pen of an author who has himself contributed so mnch to 
the development of the subject 

For generality of results Lebesgus’s theory of inte gration is indis- 
pensable, and in the introductory chapter the author gives a rfeumi of 
that theory as well aa a short discuss i on of developments In orthogonal 
f auctions. 

The modern theory of Foaner integral starts with Plaacheni’e 
theorem, that if 

/(*) ■ j\ r J fW* Att, g{ft) ■ u //(*)r ,M dxt 

-W * -* 



ia4V t/W | * it intevmbb (L), then | *<*) | * babointegrsbte 
(1). Cheptec I deeb with Hermlte’s polynomial and Hermfta’s fane- 
tioae and the above theorem is established with their help. Chapter 
II deals with the General Tanbenan Theorem. It is not apparent how 
a Tanbenan theorem, which is sta t e me nt of conditions under winch we 
can pass from one limit relation to another, could have any connection 
with Fooner integrals. Dr. Wiener establishes a very general theorem 
by means of Fooner integrals and deduces a great variety of Tanbenan 
theorems in chapter III. Two important applications, treated in this 
chapter, are to the Prime Number theorem and the theorem on the 
4 mean-square ' modulus of a function. 

The last chapter is on generalised harmonic analysis and almost 
periodic functions. The latter subject has been treated at length in the 
week of Besicovitch published last year. Bohr's fundamental theorem 
that an almost periodic function can be represented by a generalised 
Fowler senes is proved hen by a comparatively simple method. 

The work is an important and welcome addition to mathematical 
literature and we may express a hope that the author may find time to 
give us an exhaustive and systematic treatise on the subject in the near 
future. 

N.M.S. 


Mam Sfatro and laotopu. F. W. Aston, Sc. D„ F. I. C„ F. R. &, 

Arnold and Co., 1933. 

This volume deals with a subject which the author has made pecu- 
liarly his own. It incorporates the substance of lectures delivered at 
the University College of Wales, Aberystwyth, on the Aberystwyth 
Lecture Foundation during the Session 1931-1932. Part I is historical. 
Port II is mainly experimental and deals with the Production and Ana- 
lysis of Mass-Spectra, Part III gives an account of each individual 
element relative to its isotopic constitution developing the new science 
of "nuclear” chemistry. The rapid progress in the artificial transmuta- 
tion of olemsnta is boond to render increasingly valuable this collection 
of data. Fact IV ia theoretical and discusses the implications of the 
result s which have been obtained by the ose of the msse-apectognph. 

It was ia 1912 that the application of the method of positive ray 
analysis to neon indicated the e x isten c e of isotopy among the non-radio- 
active elements. With the completion of the mass-spectograph in 1919 
the non-homogeneity of neon was con firm e d and a few weeks later the 
liotopic co mp l exit y of chlorine and merenry was demonstrated, and the 
wWo rnunber rob fapnahted, Progress sines then baa bean eontitinom 
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until in 1932 the hydrogen isotope of mau 2 mi discovered, sad at 
present, oat of all the elements known to exist in reasonable quantities, 
only eighteen remain without analysis. Of these eleven an ran earth 
elements. 

The discovery of the heavy isotope of hydrogen is of particular in- 
terest It has recently been found that heavy water from the heavier 
isotopes of hydrogen and oxygen can be concentrated by electrolysis, 
and in the Journal of the American Chemical Society for October, 1933, 
some of the properties of this water have been listed. Its density is over 
l'l and its viscosity some 40% greater than that of ordinary water. 
Heavy water appears to bp toxic to fresh water organisms. 

This fascinating book on a new and fundamental branch of Che- 
mistry by one who is responsible for practically all the developments of 
the subject discussed is certain to become a classic. It is written in a 
clear and simple style and can be recommended alike to the student, 
the general chemist and the isotope specialist. 

T.S.W. 


Introduction to Thermodynamics for Chemists. D. JOHNSTON 

Martin, B. Sc., Ph. D., Arnold and Co., 1933. 

This book is a complete introduction to modern thermodynamics 
for chemical students. Besides dealing with the fundamentals of the 
subject, it includes chapters on Lewis' “ Activity " method of treatment 
of solutions on the modern theory of strong electrolytes, and on the 
Third Law of Thermodynamics. The treatment is up-to-date and re- 
ferences to the original literature are given. In some instances state- 
ments made in the literature have been accepted in an uncritical manner 
but a book covering so wide a field must naturally be more of a compi- 
lation rather than a critical monograph. 

Thermodynamics is probably the most difficult subject a 
student has to study ; in no subject is he more dependent on the skill of 
his teacher m imparting accurate and fundamental knowledge. The 
student must always be clear as to the quantities under rtwwr 

signs, and the conditions under which the alterations in these quantities 
occur. The interests of the average physical chemist are not, however, 
b the more mathematical portions of his subject, with the result that too 
often, the subject is badly taught due to vagueness on the part of the 
teacher as to what he is really teaching. In desperation the student 
crams for his examination and disgorges lumps of mentally 
matter on the e x a mi ner in answer to book-work quettiope leaving 
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numerical examples and the development of book-work severely alone. 
Once the examination is passed, thermodynamics is forgotten. 

This book, therefore, will be useful to the teacher rafter than the 
student. For the beginner its utility could be improved by the intro- 
duction of general questions and numerical examples at the end of each 
chapter, and by the provision of a table of symbols at the beginning. It 
would be of advantage also if some of the industrial applications of 
Thermodynamics had been considered. 

T.S. W. 
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THE MAKING OP GEOGRAPHY By R E DICKINSON and 0 J R. HOWABUL 
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This is a history of the growth of man's knowledge about the earth~a his- 
tory, that is, of the progress of geographical science from the first surmlsae 
of Sumerians, Egyptians, and Homeric Greeks to the moat modern develop- 
ments of physical and human geography The journeys of the greet 
explorers and travellers of all ages are mentioned In relation to the 
advances in geographical theory to which they led , but the book la not so 
much a history of exploration as a record of the science that has been built 
up on the results of exploration during the past three thousand years. Of 
the two authors. Dr Howartb has written the earlier chapters on the 
ancient and medieval development of geography, while Mr Dickinson has 
dealt with the period from the sixteenth century to the present day. 

The illustrations include a number of diagrams to show the salient 
features of famous maps, and examples of early astronomical and survey 
instruments. 

ELECTRICITY By J Pilley 1933. (Clarendon Science Series) Crown 
8vo, pp. 382, 181 illustrations, 7j 64. 

A new volume in the Clarendon Science Series, which la designed to 
provide a general introduction to the principles of a subject ana to the 
scientific method and point of view, rather than a mass of detailed text book 
Information. Previous volumes in this Series include Animal Biology, by J 


S Huxley and J B. S. Haldane ( 1927,6s 6 A), Chemistry, by W H Barrett 
( 1927, 5 s ) , Heat and Energy, by D R. Pye ( 1923, 5s. ) , and Uf* cf 
“ !s, by Sir F W Keeble ( 1926, 5s ; 


Plants , by Sir F W Keeble ( 1926, 5s ) 

THE THEORY OF ATOMIC COLLISIONS. By N. F Morr and H S. W. 
Massey 1933. ( International Series of Monographs on Physics. ) Royal 
8vo.pp.300 17s 64. 

In this book, the sixth volume in the senes of International Monographs 
on Physics, the authors develop the quantum mechanical theory of couWona 
between electrons, a-partides, nuclei, and atomic systems generally Such 
collisions form a compact and extremely important Add of modem physical 
theory and experiment It waa by the classical theory of collisions that 
Rutherford was able to Interpret his experiments on the scattering of 
a-partides and to establish the existence of the nucleus and set up the 
model of the atom which has since dominated physics. Only for inverse- 
square law-coUlaiona are the classical results unaltered by quantum mech- 
anics. rhe many Important deviations from inverse-square law-scattering 
observed since then for a-partides and electrons can only now be interpre- 
ted, when the scattering problem can be completely solved according to 
quantum mechanics for any law of force. The authors give for all such 
phenomena the complete quantum mechanical theory and show how many 
important deduction! can be drawn about the prop e rties and stru ct ur e of 
the nucleus. They handle also the complicated diffraction phenomena 
found when slow electrons are scattered by atoms, including tbs Rammer 
effect They show that these phenomena, in spite of their complication, 
appear to fan into their places as natural consequences of existing theory. 

A GERMAN READER FOR BIOLOGY STUDENTS PASSAGES FROM 
RECENT GERMAN SCIENTIFIC PUBLICATIONS. 

Selected and arranged by H. G Fiedler, M. A^ Ph. D„ and G ft duBBB, 
M. A* D So, with a vocabulary by Hbrma E. Fiedler, M. A. 1933. Demy 
Svo, pp. 100 6a. 
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THE BIONOMICS, MORPHOLOGY, AND METAMOR- 
PHOSIS OF MELIPONA IRRIDIPENNIS 

By 

C J GEORGE, MA.PLD.DLC 
Professor of Biology, Wilson College, Bombay 

Observations on a hive. 

In February 1924, 1 happened to find a hive of Mdtpona trndt- 
pennts in a crevice on the wall of my house at Coimbatore. As no 
account of this bee was available from India, I proposed to make a study 
of it. As long as the hive was situated inside the wall, observation 
was impossible, and so I very much desired to have the bees trans- 
ferred to a better situation. As they build irregular combs, transferring 
them to an ordinary hive was out of the question It occurred to me to 
try whether the bees would take to a vessel of 12" diameter if it was 
fixed to the wall in such a way as to bring the entrance of the hive 
inside the vessel. An earthen vessel was fixed on the wall and a small 
hole about i' in diameter was made on the lower side of the vessel 
to serve as an entrance. 

The bees were a little alarmed at this sudden alteration of the 
surroundings, but in the course of two or three days they made them- 
selves quite familiar with the additional space and were making use 
of the new entrance. But it took about eight weeks for them to be 
convinced of the reliability the new hive offered to them. By cutting 
off a piece 3" x 3" from the earthen vessel on one side and replacing 
it with black paper pasted on the outside, a crude but very useful 
doorway for making observations was made. An electric torch light 
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had to be used for ilium mating the hive, though it caused a certain 
amount of disturbance among the inhabitants. 

The first step in the conversion of the vessel into a hive was the 
construction of a tubular entrance with the sticky material made of 
wax and earth known as “ cerumen." This was accomplished by the 
third day Three or four workers were invariably posted at this 
entrance as sentries Nothing more was done till the next April. 
During the course of my usual examinations one day 1 noticed that a 
certain amount of wax was fixed up m the small crevices left between 
the pot and the wall Tins work was done with such speed that 
during the course of three days the bees bad begun to budd the founda- 
tion of pollen combs Daring the course of the succeeding week 
about two dozen pollen cells were constructed, a good number of 
which were also filled Obviously the favourable Summer season had 
much to do with this enormous output of work 1 he next step was 
the construction of honey cells which were erected on the roof, 
separate from the pollen cells The appearance of the honey cells 
was so deceptive, as not to attract my attention until then: number 
grew up to about half a dozen Soon after, the foundation of the 
brood cells was also made out m the right half of the vessel. In the 
course of a few days a huge cluster of beautiful cells was constructed 
and in some of them eggs were laid. I could not observe the queen 
at work as she would disappear from the surface of the brood cells as 
soon as I would open the hive. By the end of April a well established 
colony was inhabiting the new hive. New pollen, brood and honey 
cells were added one after another and the first set of workers hatched 
out by the last week of May New individuals were added to the 
colony every day and by July the colony was enormously strong and 
the whole hive was filled up with brood, honey and pollen cells. 
Every tune the paper door was closed after an inspection the workers 
glued it with wax 

Towards the close of July the monsoon broke and it took an 
enormous toll of the colony. As the number of workers was reduced 
the food supply was not replenished at the same rate it was used up. 
After some time therefore there was a lull in the production of new 
brood cells But mention should be made of tbe few workers hatching 
out every day. Amongst tbe existing brood cells of that tune, there 
were a few larger than tbe ordinary ones and one of them was parti- 
cularly large. 

On the 17th of August, one of these big cells opened and tbe 
others followed the next day. It was not possible to recognise the 
newly hatched individuals from the larger cells amongst the large 
number of workers. On the 21st, while examining a few bees lying 
dead on tbe floor, I found to my surprise that there were two dm— a 
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amongst them. Probably the workers had killed and thrown oat the 
newly hatched drones from the larger cells. The largest cell of the 
lot was possibly a queen call and the qneen was also presumably 
killed. By the second week of September, as the monsoon stopped, 
a revival of activities began and the breeding went on as vigorously 
as ever. The honey and the pollen stores which were almost used up 
daring the bad season were soon replenished Bat occasional spells of 
rain seriously hampered the continued progress of work in the colony. 

Then came the Winter months, December, January and February. 
Though Winter is not severe at Coimbatore, there was a. slowing 
down of the activities of the bees. The glorious Summer of 1925, 
with its beautiful blossoms everywhere, followed The little artisans 
made the best use of the season and one could hear so well the hum 
of the hive A long stream of workers was going in to unload their 
burden of pollen and honey. On the 28th of June I removed the 
the vessel from the wall and, without disturbing the brood cells, cut 
out the honey combs, leaving only a few. These combs yielded about 
four ounces of honey, a quantity double that of an ordinary hive from 
inside a decayed tree or a wall. The young workers greedily made 
a feast of the honey spilled while removing the combe. The wax of 
the combs was restored to the hive and the vessel was fixed in its 
original place. The hive was not disturbed for a week, and when I 
opened it next, I found that everything was in order. The honey 
which was left in the hive was either used up or devoured by the 
workers. The wax that was returned to the hive was converted into 
thin sheets and spread inside the hive. 

On August 18th 1926, I removed the whole hive as I was leaving 
Coimbatore and, on examination, found that the crevice inside the wall 
was still retained as part of the hive with brood, pollen and honey 
cells. Though almost two months had elapsed since my removal of 
the honey combs, not a single honey cell was constructed in place of 
those removed, but among the pollen combs were found twelve honey 
cells. There was only one queen, which was hiding among the brood 
cells inside the crevice on the wall and there was a drone, only a few 
hours old. It is concluded from the above observations on the hive 
that the honey season is from March to June and that this season is 
also the season for prolific breeding. This further supports my observa- 
tions in South and Western India on Apts tndtca that Summer is the 
only honey season. Supplies of honey from the hills also lead to the 
same conclusion. 

External morphology of the adult * 

See the Fauna of British India, Hymendptra VoL I., p* 563, for 
a detailed account of specific characters. The following features of 
external morphology may however be of interest, 
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The worker is a small dark creature of 3-4mm. in length. The 
queen is similar to the worker in its morphology but larger In size 
and paler in coloar. The drone is but slightly larger than be worker 
and so is difficult to be distinguished from the latter. He differs from 
the queen and the worker in having twelve segments to the flagellum 
of the antenna, while the latter have only eleven. 

The head is round, the antenna is typically Hymonopteran with 
a scape and flagellum. The flagellum is provided with numerous 
sub-circular or oval pits with hairs which are regarded as sensory in 
function. The maxillae and the labium are folded on themselves, the 
former at the junction of the cardo and the stipes, and the latter at the 
base of the ligula. The folded organ fits into a groove on the ventral 
side of the head when at rest The folding of the maxillae and the 
labium afford full free play to the mandibles which lie above. The 
maxillae bear rudimentary 2 jointed palps. The lacima are placed in 
close approximation to the basal portion of the stipes which is a 
well developed structure. The labial palpi are five jointed. (Vide 
Fig. VI ). 

The hind tibia is enlarged to function as the corbicula or pollen 
basket. The usual two kinds of hairs, simple and branched, occur all 
over the body. The branched ones are of use in collecting pollen. 
The hind wings interlock with the fore wings by means of five hamuli. 
(Vide Figs. II & III). 

A functional sting is absent, but the parts are present in vestiges, 
as shown by von Jhering, and they are more pronounced in the queen 
than m the worker. The 7th abdominal segment is the last visible 
one and all the segments behind it are telescoped into it The 7th 
sternum is bifid posteriorly and if it is turned over, the concealed seg- 
ments are revealed On either side a pair of characteristic piqf s 
bearing spiracles is seen inside the 7th segment. These plates have 
been shown in the honey bee to be part of the 8th tergura by Zander. 
Mesially there is a pair of plates which corresponds to the M oUoig 
plates " of the honey bee bearing distinct palps. On the mw 
of these are present elongated structures representing the nh«nth of the 
honey bee sting or the inner ovipositor lobes of other insects. The 
anterior ovipositor lobes or the lancets of the honey bee sting, are 
present as vestigial structures. (Vide Fig. VIII). 

In the male the 9th segment bears a median aedeagus on either 
side of which is a well chitimzed paramere. The gooocoxite is present 
and shows a basal cardo and a distal stipes regions. Melipona differs 
from Apis in the fact that paramere s are absent in the latter. (Vide 
Fig VII). 
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Li/k-htstory and btonomtcs. 

Swanns are given off from the older hives usually in August or 
September in Coimbatore. This corresponds to what 19 obtainable 
in Apts tndtca , In other parts of India this may depend on the inci- 
dence of the monsoon. I have never noticed a new colony settling 
down, but I happened to observe one soon after it had occupied a 
small crevice in a wall. There were about a hundred workers, 
which were coming out and deporting small pieces of mortar at some 
short distance from the hive. 

The brood combs are constructed on pegs of wax fixed to the 
wall, and by the addition of new pegs and new cells an elaborate maze 
of brood combs is established. (Vide Fig. 1). The wax is of a dark 
brown colour and very soft to the touch. A brood cell is roughly 3 J 
x 2 mm. Each cell is half filled with a mixture of honey and pollen, 
and when a thin him is formed on the surface of this viscid mass, an 
egg is laid in a perpendicular position and the cell is closed. The egg 
and the larva do not sink m the liquid and thus keep in touch with the 
air enclosed in the cell. (Vide Fig. IV). Ihe egg is about 1 mm m 
length and J mm across. It takes four or five days to hatch out 
The newly hatched larva is 2 mm. long and is a delicate, almost trans- 
parent, creature. The full grown larva 19 5 mm. long and is rather 
stout in appearance. The feeding larva is transparent yellowish 
brown in colour due to the food in the alimentary canal, while the 
pupating larva and the pupa are opaque white in colour. Before 
pupation it spins a white cocoon and the adult emerges by piercing 
this cocoon, which by that time has adhered to the waxy cell. It takes 
three to three and a half weeks from the egg to the adult stage. The 
brood cells show slight variation in size and the newly hatched 
workers also'exhibit a corresponding variation in size. The queen cell 
is the largest and is therefore easily recognized The drone cell is 
slightly larger than that of the worker and is difficult to distinguish 
from the larger worker cells. In a hive apparently at a time never 
more than two queen cells are constructed, but there may be as many 
as ten drone cells 

The pollen and honey cells measure about 7 or 8 mm. in length 
and 3i to 4 mm. in thickness. They are constructed in rows fixed to 
the wall without any intervening pegs. (Vide Fig. I). The pollen 
store varies from light bright yellow to dark brown in colour, the bees 
chiefly visiting plants with abundance of pollen, such as the Gram ma- 
c e ae . The honey is of pale yellow colour but a tinge of pollen gives it 
a beautiful red colour and it is almost impossible to collect this honey 
without some admixture of pollen, as honey and pollen cells are con- 
structed together. The honey has a sweet (slightly sour taste. These 
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bees on exceedingly tame and freely enter the flower shops. They 
also visit the sweetmeat shops to collect the sagary jaico present in 
some kind of sweetmeats. 

The entrance to the hive is a narrow circular hole, the wall of 
which is made of “ cerumen ” which projects about half an inch to the 
outside. (Vide Fig I). A few workers guard the entrance, their 
number varying according to the circumference of the entrance. The 
tubular entrance does not directly lead to the hive, but terminates in a 
round cavity from which there are two inlets, one to the broad combs 
and the other to the honey and pollen combs. This round about entry 
to the hive may serve two purposes, the prevention of direct light which 
these Insects abhor always and the sadden invasion fay any enemy. 
There is a network of paths under the brood cells to facilitate easy 
access to any part within the hive. This is very necessary as the 
brood cells from which adults have emerged are destroyed at once and 
new ones constructed Very soft wax is used for making the cells but 
harder wax is used to close any crevice or to strengthen any weak spot 
m the hive. Any wax found outside is assiduously collected and de- 
posited in some part of the hive, without it ever interfering in the 
normal working of the hive. 

1 have not observed any parasites or predators of these bee 9 , but 
a species of Megachile sometimes visits the hive and snatches off some 
wax from the entrance. 

The larval anatomy. 

The mature larva is rather stout and lies bent on itself in the cell. 
The external cuticle is very thin. The narrow head segment is follow- 
ed by 13 segments. 

The central nervous system . — The central nervous system con- 
sists of supra -oesophageal ganglia or brain, situated in the posterior 
region of the head, and a double ventral nerve cord of 11 distinct 
ganglia situated in the first eleven segments of the body. The last 
two segments have no ganglia but are innervated by nerves from the 
eleventh. In section a ganglion exhibits an internal medullary region 
and an external region of ganglion cells and the whole is covered by a 
thm enveloping membrane, (Vide Fig. IX). 

The digestive system . — The buccal cavity opens into a short 
pharynx which is connected to the midgut by a narrow oesophagus. 
The hindgut lies bent on itself below the midgut, its anterior end being 
in contact with the posterior end of the midgut. There are four thick 
molpighian tubules which take then: origin from the hindgut at its 
junction with the midgut. 

The stik glands . — There is a pair of silk glands situated ventral 
to and on either side of the alimentary attending to 
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the 8th abdominal Bagment. The two glands unite in the region of the 
suboeeophageal ganglia and passing below these open on the lower lip. 
The duct of the glands opens between two dorso-ventrally flattened 
spiny processes which appear like a pair of forceps m longitudinal 
sections. The gland shows a layer of large epithelial cells and a cen- 
tral canal running through the whole length. (Vide Fig. IX). 

The respiratory system . — There are ten pairs of spiracles, two 
thoracic on the meso- and meta-thorax, and eight abdominal on the 
first eight abdominal segments. The spiracular opening leads to an 
atrium which narrows at its proximal end and opens into a short 
trachea The short trachea takes a ventral transverse course and 
opens into a longitudinal main trunk The two main trunks are 
connected anteriority and posteriorly by transverse trunks. At the 
junction of the spiracular tracheal branch and the mam trunk, smaller 
tracheal brandies are given off. 

The vascular system . — The hemocoele is mostly occupied by the 
fat body. The fat body consists of round or hexagonal cells very 
dosely packed together. Each cell has a central nudeus and a dear 
cytoplasm showing a number of vacuoles. Imbedded m the fat body 
are a few oenocytes which in sections appear m all sorts of shapes 
varying from triangular to circular. 

The gonads . — Lying dorsally in the worker is a pair of ovaries in 
the 5th abdominal segment. Anteriorly the enveloping layer of the 
ovaries is continued as a narrow strand which extends upto the 4th 
abdominal segment. The male gonads have not been studied. 
Metamorphosis. 

1. The tmaginal buds . — In the mature larva there are in the 
bead imaginal buds representing the antennae, compound eyes, 
mandibles, maxillae and labium. In the thorax there are three pairs 
representing the legs, and two pairs foreshadowing the wings. There 
are also thickenings of th# hypodennis in segments 8 and 9 represent- 
ing the gonapophyeee in the worker larva. The hypodermis of 
segment 7 also shows a alight thickening on the ventral side. (Vide 
F«.IX) 

2. The nervous system. — It has already been stated that in the 
mature larva there are 11 ganglia on the ventral nerve cord, 3 in the 
thoracic and 8 in the first eight abdominal segments. According to 
Nelson there are 11 ganglia in the abdomen in the embryo of the honey 
bee in the early stages and in the later stages the 9th, 10th and 
11th unite and come to he in the 9th abdominal segment. During the 
early larval life the terminal ganglion unites with the preceding one 
and Use in segment 8. Thus the larval nervous system is derived. 
Hie number of ganglia u the mature MeUpooa larva agrees with that 
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of the honey bee and presumably therefore the last ganglion in the 
8th abdominal segment is a compound one representing segments 
8, 9, 10, and 1 1 During the early stages of metamorphosis, which is 
soon after defecation, the 1st abdominal ganglion moves forward and 
fuses with the metathoracic one. During a later stage when the limbs 
and the mouth parts are about to unfold from the imaginal buds, 
the 2nd abdominal ganglion is seen about to fuse with the one in front 
At this stage the penultimate abdominal ganglion, the 7th, fuses with 
the preceding one and comes to lie in segment 6. During the pupal 
stage, the compound ganglion of the metathorax and the mesothoracic 
ganglion fuse together. Thus in the adult there are 2 thoracic and 5 
abdominal ganglia. The fusion of the ganglia takes place by the 
gradual absorption of the intervening cord. The 1st thoracic ganglion 
is situated in the prothorax and innervates that segment. The 2nd 
thoracic ganglion is situated between the meso- and meta-thorax and 
innervates these two segments, and also the 1st and 2nd abdominal 
segments. The first free abdominal ganglion ( i e the true 3rd ) 
though situated in the 2nd abdominal segment, properly belongs to the 
3rd abdominal segment and therefore innervates that segment. The 
2nd and 3rd abdominal ganglia situated in abdominal segments 3 and 4 
respectively innervate segments 4 and 5 The 4th abdominal ganglion 
is formed of the true 6th and 7th and is situated in segment 6 and 
innervates segment 6 and 7 The last ganglion is situated in segment 
7 and innervates segments 8, 9 and 10 Snodgrass in the u Anatomy 
and Physiology of the Honey 13ee” states on p. 293 that in the 
adult honey bee the penultimate ganglion is formed by the fusion of 
the true 6th and 7th ganglia This is true of Melipona os well as 
Apts trtdtca But he foils to reconcile the adult anatomy with the 
changes taking place during metamorphosis. According to him ( vide 
p. 273) the penultimate ganglion of the adult bee lies in the 6th 
segment of the abdomen and innervates that segment. Specimens of 
Apts dorsata and tndtca were dissected to see if the above statement 
was correct It was found that the 6th abdominal ganglion gave ri 9 e 
to two pairs of nerves, as might be expected from its composite 
nature, of which one pair innervated the 6th segment and the posterior 
pair the 7th segment. ( vide Figs IX and X ). Snodgrass’ description 
on p 273 is therefore obviously incorrect His figure however is 
correct. 

3 The dtgesltve system . — At the beginning of pupation the 
posterior region of the midgut, where it is pressed against the hindgut, 
breaks down and the faecal matter stored up in the midgut is passed 
to the outside. The malpighian tubules which in the larva do not 
possess any opening at all, also come to open and empty their contents 
into the gut. As a natural consequence the gut and the malpighian 
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tubules shrink. Histolysis of the epithelium of the gut soon follows 
and this results in its eventual absorption. A layer of new epithelium, 
which was already growing around the old one, takes its place. The 
fore- and hind-guts also undergo the same process of degeneration and 
regeneration. The foregut soon after widens out and its epithelium 
becomes developed into a layer of deop columnar cells Where the 
foregut meets the midgut the former enlarges into a structure which 
gradually develops into the so-called 11 honey stomach ”. The malpig- 
hian tubules of the larva degenerate and disappear entirely. With 
the degeneration of the larval tubules, unaginal tubules are budded off 
from the regeneration area of the hindgut The hindgut which was 
a bent tube Lying beneath the midgut in the larva, becomes a straight 
tube during the early stages of metamorphosis The anus which 
was situated at the posterior extremity of the long axis of the body 
m the larva, has now come to lie on the ventral side During the late 
pupal life the hindgut widens out at it e posterior region and this 
ultimately develops the rectum with its elaborate system of glands. 

4. The stlk glands — The silk glands undergo complete histolysis 
and disappear entirely. 

5. The /at body — The larval fat body cells show a central 
nucleus and a vacuolated cytoplasm when stained with Mallory's 
Triple Stain But the fat body of the pupating larva when stained 
with the some stain shows a number of globular bodies in the cyto- 
plasm, some stained red, some reddish blue and others light blue. 
Those bodies according to Berlese and others, are albuminoids occurring 
in different stages of elaboration The fat body cells soon lose their 
cell membrane and these globules are thrown out into the blood. 
Sections of pupae show that most of the fat has been used up during 
metamorphosis, there being only a few cells and globular bodies left 
floating in the blood. The oenocytes embedded in the fat body are 
liberated when the latter breaks up. They assume more or less a 
globular form and eventually seem to undergo degeneration. There is 
considerable difference of opinion regarding the fate of the larval 
oenocytes. According to Koschevmkov (1900) and Weisenberg (1907) 
the unaginal oenocytes arise from the hypodermis during the papal 
stage, most of the larval ones degenerating entirely Perez (1903) 
however states that Koschevmkov’s observation is erroneous. In 
Melipona a large number of small oenocytes are seen near the hypo- 
dermis during the early pupal stage, and these differ considerably in 
size and staining qualities from the larval oenocytes. There is every 
reason to suppose that these are the newly formed cells which persist 
m the adult as imaginal oenocytes. Thus my observations support 
those of Koschevnikov 

Mention should be made of another set of cells which rn&V* their 

B 
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appearance during the pupal stage They are completely absent in 
the larva and they make their appearance during the prepupal period, 
and are limited to the abdominal region These modified fet cells are 
characterized by their large size, being visible to the naked eye as 
dark bodies amidst the fat cody in the pupating larva. There is a 
central nucleus with a granular cytoplasm and a thick cell membrane. 
The cytoplasm does not absorb any stain. 

Many workers seem to have noted these celh but apparently have 
regarded them as oenocytes Karawaiew (1898) describes in Lasius 
a set of large phagocytes and his description of these cells fits in very 
well with the cells described above. I have not been able to observe 
any phagocytic tendency in these cells which I have described They 
show certain inclusions in the cytoplasm which appear to be excretory 
products In the adult they become crowded to the posterior region 
of the abdomen and finally seem to disintegrate Their cytoplasm 
shows also a general resemblance to that of nephrocytes, and I have 
therefore preferred to call them pronephrocytes. ( Vide Fig. IX ). 

6 The female efferent genital system — It has been said above 
that the oviducts terminate on the ventral side of the 7th abdominal 
segment in the larva. During the early stages of metamorphosis three 
ventral hypodermal thickenings which ultimately result in three 
invaginations develop. The first of these is from the anterior region 
of segment 8, and is the vaginal invagination. Such an invagination 
has been noted by Nel w Locustana in the same situation. Morpho- 
logically therefore it is homologous to the invagination in Ortboptera 
and Hcunoptera. This invagination as it grows forward becomes dorso- 
ventrally flattened anteriorly Later on its dorsal and ventral walls 
meet and fuse along the median line at the anterior half. This results 
in the formation of two ducts at that region. These two ducts meet 
the oviducts of their respective sides and during the later pupal stage 
fuse with them Thus the female efferent system is established. 

Meanwhile the second and third invaginations also elongate, 
the latter showing more pronounced growth than the former. The 
former takes its origin from the median ventral side of the 8th segment 
behind the rudiments of the anterior ovipositor lobes. At its posterior 
extremity it opens into a groove which later on extends anteriorly and 
posteriorly till it meets the other two invaginations. The second inva- 
gination is that of the spermatheca. As pupation proceeds the hypo- 
dermis intervening between the first and second invaginations shrink m 
such a way as to approximate the two invaginations. At the same 
time the ventral wall of the vaginal lip grows posteriorly thereby shift- 
ily the vaginal opening backwards. As a result of these changes the 
spermathecal invagination not only becomes confluent with the vagina 
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bat comes to lie on the dorsal side of the vagina. This is the condition 
in wtuoh it is found in the adult. 

The third invagination takes its origin between the rudimentB of 
the ovipositor lobes and elongates anteriorly until it occupies an oblique 
position in the body cavity. A short distance from its opening it 
widens out into a sac, though at the anteriormost region the lumen is 
narrow. This is the rudiment of the acid gland. The wider region 
develops into the reservoir of the gland. (Vide Fig XI). In the 
worker the efferent system occurs in a less developed condition than in 
the queen. 

Snodgrass figures and describes the vagina as opening at the 
anterior region of the 8th segment and anterior to the anterior oviposi- 
tor lobes in the pupa. Seurat also places the vaginal opening at the 
anterior region of the 8th segment Tiegs places it further back bet- 
ween the first and second pair of appendages, t e , between segments 8 
and 9. In the adult Hymenoptera the vagina opens in the situation 
described by Tiegs. The above described mode of formation of the 
ovidnct and the consequent shifting of the vaginal opening to the 8th 
segment recalls the process which I have described in the case of 
Homoptera in an earlier paper (Q J M S , 1929) In Homoptera the 
original vaginal opening which is behind the 7th corresponds to the 
vaginal opening daring the early pupal stage m Mehpona. Hut none 
of these workers has studied the development of the common oviduct in 
detail and thus they failed to notice the shifting or carrying back the 
female opening behind the 8th. The spermathoca is regarded by these 
workers as an outgrowth of the vaginal invagination , m Mehpona it is 
a distinct invagination in itself and opens independently of the vagina 
as noted by Zander in Apis, though subsequently it becomes fused with 
the vagina. The development of the spermatheca is exactly on the same 
lines as in Diptera, noted by Christophers and Baraund, and m Ortho- 
ptera, noted by Nel 

One significant fact is that the sting glands are present though the 
sting itself is vestigial and non-functional. This compels us to 
that these glands are functionally female accessory glands. In Apidae 
the secretion from these glands containing formic acid prevents putre 
faction and growth of moulds in honey and pollen store. Possibly 
«imilftr use is found for them in Mehpona. The ovipositor lobes are 
not properly developed occurring only as rudimentary structures. 
Tiegs regarded the genitalia of Nansonia female as having devebped 
out of segments 8, 9, and 10, and states in that connection that such a 
development is in accordance with what Dewitz found in Locostidae. 
Obviously Tiegs has misinterpreted Dewitz who stated that the inner 
ovipositor lobes appear as processes from lateral lobes of the 9tb 
segment, 
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Summary and conclusions. 

1. A general account of the life history and habits of Meltjxma 
xmdtpenms is given. It has been observed contrary to the general 
conception that hot months from March to July form the period of 
great activity as was noted m the case of Apis tttdtca and dorsata in 
another connection. 

2. The general morphology of the worker is given. Larval 
anatomy and metamorphosis has also been worked out. Special 
features are (a) A few fat cells become modified as excretory cells 
during metamorphosis ( pronephrocytes ) , (b) The adult oenocytes are 
formed from the hypodermis of the pupa , (c) The larval nerve cord 
with three ganglia in the thorax and eight in the abdomen becomes 
modified into a cord with two ganglia in the thorax and five m the 
abdomen when the adult condition is reached. The composite nature 
of the penultimate abdominal ganglion is established on anatomical 
and developmental grounds , (d) The formation of the female efferent 
system has also been studied, and it has been found that it takes place 
on the same lines as in Homoptera ( George, and Metcalfe ), and 
Orthoptera ( Nel ). The accessory glands ( the poison glands ) are 
present though the sting has become non -functional. It has been 
inferred therefrom that these glands are ancient structures of physio- 
logical importance in connection with the reproductive habits of the 
animal and their function as poison glands is a secondary modification. 
Such glands arising from the 9th abdominal segment are present in 
Homoptera and Orthoptera, etc. 

The morphological and developmental part of thi9 work was 
carried out in the Imperial College of Science and Technology, London. 
My thanks are due to Professors Balfour Browne, and J. W. Monro 
for many suggestions and criticisms. 
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EXPLANATION OP DRAWINGS. 

Fig. I. A diagrammatic section of the hive of Meltpona trrt- 
dtpentua kept under observation 
Fig II. The worker of Slelipona tmdtpetmis 

Fig. III. The queen do. 

Fig. IV. Egg in situ in a cell do. 

Fig. V. The larva do. 
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EXPLANATION OF DRAWINGS. 


Fig. VI. The raouthparts of the worker, Itdipona trrtdtpenma. 
Fig. VII The genitalia of the drone, do. 

Fig. VIIL The genitalia of the queen, da 

Fig. IX. A vertical longitudinal section of a mature larva, da 
(diagrammatic). 



JOURNAL OP THE UNIVERSITY OF BOWBAY 


16 


Fig X. The nervous system of the adult, Utltpona tmdipmms. 

( sem 1 -diagrammatic ) 

Fig. XI A vertical longitudinal section of the hind region of the 
abdomen of a pre-pupa, da 

LETTERINGS. 


1. 2. 3. 

Thoracic segments. 

I to X. 

Abdominal seg- 
ments 

a. 

Anus* 

abd g. lst-5th 

1st to 5th Abdo 
rainal ganglia. 

aed. 

Aedeagus. 

a-g 

Acid gland 

a*n 

Antennary nerve. 

a.o.1. 

Anterior oviposi- 
tor lobe. 

0*3. 

Air space m the 
cell 

b 

Brain 

b.c. 

Brood cell 

c. 

Gono-coxite of 
the male. 

e 

Err. 

e.n.h 

Entrance to the 
new hive. 

e.o.h. 

Entrance to the 
old hive. 

f 

Fat body 

h 

Head 

ha 

Honey cells. 

h.u 

Hind intestine 

uo.L 

Inner ovipositor 
lobes. 

L 

Ligola. 

Lo.L 

Lateral oviposi- 
tor lobes. 


Ip 

Labial palp 

m 

Mouth. 

m d 

Mandible 

m.g 

Mid gut 

m 1. 

Malpighian tubules of 
the larva. 

mx. 

Maxilla. 

mx p. 

Maxillary palp 

nil. 

New hive 

ad. 

Oviduct 

oJi 

Original hive on the 
wall. 

oe.l. 

Oenocytes of the larva. 

o.s 1. 

Opening of the silk 
gland. 

pc. 

Pollen cells. 

Pd 

Paper door. 

phm 

Pollen honey mixture 

P v. 

Pegs of wax to which 
brood cells are attach- 
od. 

s*. 

Sub oesophageal gang- 
lion. 

s^l. 

Silk gland. 

9pl* 

Spiracle. 

sp. 

Spermatheca. 

th.g 1st 

1st thoracic ganglion. 

th.g.2nd. 

2nd thoracic ganglion. 

V. 

Vaginal invagination. 

v.n. 

Ventral nerve cord. 
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Introduction . 

The following paper contains an account of an investigation on 
the development of the Teleostean scale, chiefly that of the Trout, 
Salmo fano and Salmo i rrtdetts Ihe Teleostean scale has been 
studied by a large numbei of investigators, [Lcydig (1851), Baudelot 
(1873), Hofer (1889), Klaatsch (1890), Ussow (1897), Tims (1902), 
and more recently by Hase (1912), and by Paget (1920) ]. 

Klaatsch’s (1890) account of the development of the Teleostean 
scale, although supplemented by the work of others, has remained the 
standard authority. In the interpretation of the several details there is, 
however, an entire lack of agreement The accounts of different 
investigators vary to an extraordinary extent in the matter of detail , 
this is largely due to technical methods of investigation, e g., the scale 
being an extremely hard structure there is great difficulty in cutting 
it into thin sections. 

The literature on the subject has been reviewed very thoroughly 
by Stuart (1904) and Paget (1920). The latter author in his review 
presents points from the work of other investigators where lack of 
agreement exists ; I shall go into these details later, and, while discus- 
sing the more important points, shall refer to the work of the several 
authors. 

For the suggestion of this problem and for much valuable advice 
I am greatly indebted to Mr. J. Gray 
Methods 

(a) « General fixing and staining methods. 

The material was fixed in at least four fixing reagents, viz. 
Bias’ fluid, corrosive sublimate, Fleming without acetic, and Bourn’s 
fluid. I found Bles’ fixative very satisfactory, giving good fixations. 

Great difficulty was experienced before satisfactory preparations 
were secured , it is by no means easy to obtain preparations in which 
the cell-boundaries and cell-layers are sharply differentiated. Several 
stains were employed to bring into evidence the intercellular network, 

c 
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and were abandoned as unsatisfactory, for the scale-layers proved 
unusually difficult objects for cytological study. 

Of the methods employed, the silver impregnation gave the 
best results , the only difficulty being that the nuclei in such prepara- 
tions did not take up the stain , the cell-boundaries are, however, 
shown with special distinctness, which made it possible to distinguish 
between the different cell-layers 

(b) Special method 

The scales to be impregnated must be fresh, that is, such as have 
not been treated with any reagent It 19 only fresh scales which will 
impregnate 

The fresh scales are first washed in distilled water containing a 
trace of sodium sulphate (0 75%) for 2 or 3 minutes. They are then 
transferred to silver nitrate 0 2% solution for 5 minutes , after thi9 
they are again washed in distilled water. After this washing they are 
developed m any clean developer, (e, g , Amidol 0*2% in 2% sodium 
sulphate diluted with water 5 or 6 times, from 2 to 3 minutes). 

After a final washing in distilled water, the scales are mounted in 
glycerine. 

Matertal, 

The numerous specimens of Trout used during the course of the 
investigation were obtained entirely from Nailsworth in Gloucester- 
shire These were sent alive to Cambridge 

Description 0/ Scale DeveloptnctU 

(a) Early appearance. 

The first stages of scale development take place in fish larvae of 
about 3 cms. in length and when the fish is about 75 days old. The 
trout material obtained from Nailsworth proved remarkable in that 
the fish, growing under practically identical conditions in tanks, showed 
great variation m size It was found that some fish grew much 
more rapidly than others and fish of the same age varied markedly in 
size. The first scales to appear were those of the lateral line. 
Certam relatively large fish occasionally showed no trace of scales. 
Such individuals were, however, extremely rare. Attention has 
been very often drawn to the close relationship between the scales 
and the age of the fish , the study of the scale development in the 
trout shows that the scales do not appear uniformly over the whole 
body, and the scales from different regions show variation in the num- 
ber and even width of annuli. It may be mentioned that, m the early 
stages, in between the fully developed scales, one also comes across 
smaller scales with fewer lines of growth. These small scales are 
mentioned by Klaatsch This irregularity is very marked in some of 
the fish, but as growth proceeds one rarely meets with it 
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The first indications of the formation of the scale are seen in the 
outer part of the dermis, in which appear a series of cell aggregations ; 
an early sign of development is the frequency of mitotic and amitotic 
figures in the region below the basement membrane of the epidermis. 
This continued activity results in the production of hillocks as seen 
m Fig 1. In transverse sections, several layers of cells are seen at 
this stage. The cells in a cluster have large nuclei and each has a 
deeply stainable protoplasmic body Each of these clusters extend 
laterally and represent Rattened papillae At this stage the dermis 
differentiates into two layers, an outer spongy and an inner fibrous 
layer , these two regions merge into each other, there being no distinct 
boundaries. 

The first indication of the appearance of the scale itself is a thin 
sheet of a highly refractive substance, the scale at this stage is 
symmetrically enveloped by the dermal cells which on their outer side 
appear several layers deep (Fig. 8) These cells, to which Klaatsch 
has given the name of 11 scleroblasts ”, separate the scale completely 
from the epidermis, which never takes any part m the development of 
the scale , very often the scale lies in the epidermal region of the body, 
this occurs as a result of oblique cutting of sections While the above 
changes are taking place, Hofer (1889) and Hase (1907) believe that 
the basal epidermal cells undergo a remarkable alteration According to 
these authors, in the trout the basal layer of the epidermal cells, which 
lie immediately over the developing scale, become modified to form 
an enamel membrane, though the structure never becomes functional. 
Later they reassume their original form, losing thi9 special character. 
Hofer attaches to thi9 fact considerable phylogenetic interest because 
in the development of the Ganoids and the Placoids the larger portion 
of the spine is epidermal In the feleostean scale, the scale takes its 
origin in the dermis, and throughout life remains a dermal structure 
Hofer and Hase see in this fact an indication of ancestral condition, 
According to Paget the epidermal cells lying immediately over the 
young scale become cylindrical although the change is not universal. 
I have gone through all the preparations with special attention to this 
point, but in no way have I been able to find structures corresponding 
to those described by Hofer and Hase In the course of very early 
development, the epidermal cells appear to be slightly more cylindrical 
in form. I have not noted a similar change in the course of forma- 
tion of the scale. As for the enamel organ itself, it occurs in advanced 
stages, so that the very early assumption of cylindrical appearance 
seems to me to be against its morphological significance. If it does 
occur In the later stages, it may be a transient phase or perhaps 
a phenomenon that occurs very rarely, and it would be best to 
regard as artefacts such changes iq structure which occur so rarely 
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In both S farto and S. irndeus there is present below the basal 
epidermal layer the basement membrane, which in S. irndeus is 
strongly developed and well marked (Fig. 2). The basement mem- 
brane appears to be double in nature , this appearance is due to the 
existence of a definite membrane and the presence of fine ectoplasmic 
layers of the basal epidermal cells, which, when continuous, present the 
form of a second membrane. 

(c) Cell layers, thetr arrangement and behaviour . 

In thin sections of Trout embryos at this stage, the layer of cells 
on the dorsal surface is seen to be several cells deep , as growth 
proceeds, the depth of the cells is reduced and one always meets with 
two distinct layers on both the surfaces ( Figs. 5, 7, 9 ) the scale 
makes its appearance in between these four layers. The cells in these 
layers in the act of secretion undergo certain definite changes whether 
the secreting cells are from the dorsal or from the ventral surface, the 
behaviour and modifications undergone are essentially similar in both 
cases My preparations indicate that the cells and their nuclei grow 
considerably and become transparent. The nuclei of the dorsally 
placed cells become very much flattened and change gradually from a 
circular to a broadly conical form, the karyosomes break up into 
irregular fragments giving a granular appearance to the nuclear con- 
tents very different from the first. During this activity the cells with 
their nuclei remain attached to the scales between the concentric 
striations. (Fig 14.) The fusion is so intimate that in sections the 
presence of cell walls associated with the nuclei may be demonstrated 
with very great difficulty 

The nuclei m the dorsal scleroblasts when they are properly fixed 
with Fleming without acetic and stained with Iron haematoxylm show 
at certain stages whitish areas which ore small m the beginning, but 
later become confluent to form one large area ( Fig. 7 ). In the ventral 
scleroblasts similar very minute areas appear m the nuclei and seem 
to be of the nature of secretions which build up the substance of the 
scale 

Another interesting feature of the dorsal scleroblasts, which seems 
not to have been recognised, is that these cells are remarkable in 
being very passive. There are no signs at any stage of excessive cell 
multiplication taking place on the margins or on the surface of the 
scale. At the edge of the scale the upper and lower layers merge so 
intimately that no distinction can be drawn between them (Fig. 6). 
There is no sign of excessive cell multiplication on the dorsal surface , 
whereas on the ventral surface the same phenomenon is actively dis- 
played , one meets with cells and their nuclei m various stages of deve- 
lopment. It may be therefore that the cells are m process of migration 
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from the ventral surface, from which the dorsal scleroblasts receive 
fresh reinforcements ; the new elements at the margin continue to be- 
come associated with the upper scleroblasts. 

There is considerable divergence of opinion regarding the 
polygonal layer (of Klaatsch) of the scale. 

Klaatsch records this layer as occurring on the dorsal surface 
" The superficial scleroblastic layer offers a very characteristic picture. 
Its polygonal- shaped elements simulate a flat epithelium. Between the 
protoplasmic bodies, which stain intensely in carmine stains (also in 
haematoxyhn), there exists a network of a substance which does not 
tinge. This latter calls to mind a system of intercellular spaces.” 
The histology of this cell layer was first studied by Klaatsch and the 
results of his investigations are contained in the following statements 
“ It attains a longisb form and the nucleus reaches a more peripheral 
situation in the cell By this means the nuclei of adjacent cells fre- 
quently approach one another, a nucleus-containing port from a 
nucleus-free section In the latter, the following occurs with great 
regularity . at one spot the protoplasm loses its staining capacity, while 
this part retreats further and further towards the circumference, there 
arises a bright, almost circular spot (of about 6" in diameter ) which 
in form and size simulates a nucleus Its interior shows no structure 
While it stretches further and further towards the pole of the cell 
directed towards the nucleus, it eventually unites with the bright parts 
between the cells The bright streaks between the cells owe their 
origin, just like the bright spot9 which I have described above, to a 
substance which has become differentiated from the remaining proto- 
plasm. ” (Fig. 4.) 

My interpretation regarding the nature and origin of the 'white 
spots' differs from that of Klaatsch , the origin of the white spots and 
his explanation of the elongation of the cells are not clear to me. It is 
evident in my preparations that the spot arises from within the nucleus 
(Fig. 4). The material from which it is derived is densely massed to 
one side of the nucleus, this loses its connection with the nuclear 
membrane, and moves away from it towards the centre of the cell. In 
its early stages the colourless mass simulates a nucleus, but later be- 
comes diffuse and some of it no doubt unites with the intercellular 
substance , gradations between the early stages and the last stages are 
met with. It seems to me that the white spots certainly stand in 
genetic relation to the nucleus. In early, as well as late development, 
the nucleus is very closely surrounded by a whitish ring , this ring I 
think is a substance which is differentiated in the nucleus ; it penetrates 
Qsootwally the nuclear membrane and bec o m e s deposited round it 
io the fopp of g ring, giving to the nucleus the appearance of lying 
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in a large vacuole. This substance I consider as a secretion which 
accumulates round the nucleus and is finally eliminated in bulk. 

If this derivation of the spots from the nucleus itself is not correct 
then it becomes extremely difficult to account for their origin, because 
in the ground substance, other than the nucleus and its karyosome, 
there appears to be no other structure and besides this fact there is no 
evidence for the belief that it arises as a differentiation process of the 
ground substance of the cell. 

According to Klaatsch, the spots ultimately amalgamate with the 
intercellular mesh work , this coalescence Hase, Ussow and Paget did 
not observe. If Klaatsch’s view be correct the white spots in the 
cells and the intercellular substance should take up the same stain 
with the silver impregnation. The intercellular network is stained brown, 
that is, like the product of secretion ( Fig. 10 ) My preparations also 
show the same product stained brown round the nuclear membranes 
Fig. 11. 

The polygonal layer of cells described above is (contrary to the 
view of Klaatsch) really the more distal layer on the ventral surface , 
reference, however, will be made to it again. In addition to this 
polygonal layer there is another more proximal layer to which no 
reference has been made before. This proximal layer is very closely 
adjacent to the scale (Fig. 9). As for the arrangement of the cells 
themselves, in these two layers throughout the series there is a great 
deal of variation in the appearance of the network of cells. 

The distal cells-layer (polygonal layer of cells) on the ventral surface 
presents a very characteristic appearance. Figure 6 is a representation 
of the peculiar arrangement, which can be more clearly depicted than 
described. The entire scale layer is mapped out into several zones, 
which, as far as I have been able to make out, have no relation to the 
stnation or to the growth of the scale itself, The most prominent 
region is the centre occupied by cells which are reticulate in nature , 
this region has more or less the appearance of a sponge, or of a honey- 
comb, with large cells each having a nucleus, this is surrounded 
by a zone of cells, which are slightly elongated and arranged in a 
concentric manner, followed by small rounded cells. This is next 
succeeded by a zone of prominent cells, constituting the largest portion 
of the scale The cells are numerous and elongated radially, as 
these proceed outwards they become small and circular and are 
followed by a zone of cells near the periphery, which are elongated in a 
direction tangential to the scale and shorter in a direction radial to it ; 
the last layer becomes gradually less distinct and is uninterruptedly 
continuous with the outer border of the upper margin. In some 
scales the early regions do not exist, and from the centre radiate the 
radial cells ; these are followed by the usual cells. Besides these types 
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there are Beales in which other arrangements prevail. The precise 
conditions under which these various arrangements come to exist I 
cannot state. It seems likely that they represent different stages in 
the activity of the cells. The proximal layer of cells on the ventral 
surface, which lies between the polygonal layer and the scale, has the 
appearance of an irregular network of large polygonal cells ( Fig 9 ) 
The meshes vary in size, as does also the intercellular probably sub- 
stance which becomes dilated and more prominent according to the 
quantity of the secretion accumulated in them. The nuclei in both the 
ventral layers are smaller and rounded, while those m the two dorsal 
layers are larger and greatly flattened. Besides these cells and their 
nuclei on the ventral surface, there are other nuclei which seem to be 
enclosed in several circular and irregular alveoli, giving the appearance 
of islets (Fig. 4) These nuclei are of varying size They appear 
singly or in groups ( fragmentation ), showing no regular distribution, 
and appear to be in a special stage of activity. These nucleoli increase 
gradually in size and attain their maximum staining capacity. This 
is well seen on an application of Delafleld haematoxylin, by which 
they acquire a beautiful blue tint 

Corresponding to the two layers of cells already described as lying 
on the ventral surface, there are two layers of polygonal cells at all 
stages of development of the scale on the dorsal surface ( Figures 5 and 
7 ). The difference between the layers of the two surfaces 19 that the 
intercellular material m the case of the dorsal cell layers is very poorly 
developed and the nuclei in these layers are much larger than entire 
cells in the previous stages. 

( c ) Connective tissue 

The great bulk of connective tissue constituted by the fibrous 
layer of the dermis is composed of bundles of connective tissue fibres, 
there being three sets of the latter, two sets running parallel to the 
surface diagonal to the long axis of the body, and the third set perpen- 
dicular to the other two sets. According to Hase the last set is really 
the diagonal fibres which have changed their direction. Paget believes 
them to be distinct, starting straight from the base of the fibrous 
layer without any previous horizontal course. I have followed the 
formation of fibres both in tiny embryos and in adult fish in prepara- 
tions fixed with Fleming without acetic and stained with Orcein and 
Weigert's Resorcin Fuchsin stain, the fibres appear very distinctly, 
and I am able to corroborate both Hase*s and Paget's descriptions. 
Sections stained by the above method show very distinctly that the 
fibres belong respectively to the collagen and the elastic type The 
first two sets, running parallel and diagonal to the surface of the body, 
conust of wavy bundles, which very often change their direction and 
run perpendicular to the surface of the body When these happen to 
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be cat at different levels, they appear to arise straight from the base ; 
the cut ends of these fibres are met with at different levels. These 
fibres belong to the first type and I have no doubt that it is to them that 
both Hase and Paget refer The elastic tissue fibres, which are charac- 
teristic in running in a straight course occur singly. They arise distinctly 
from the base and run quite perpendicular to the surface ( Fig. 3 ). 

In the scale pocket the connective tissue cells take the form of 
small rounded or stellate cells with processes which seem to anasto- 
mose among themselves ; these cells form a firm support for the scale. 
During development, as the posterior end of the scale is being inclined 
outwards, the cells of the cutis between the epidermis and the scale 
enter on a stage of active cell proliferation. They make their entrance 
between the basal membrane and the scale, and become associated 
with the scler oblasts at the ends of the scale. These cells, from their 
appearance and mode of staining, closely resemble connective tissue 
cells which have detached themselves and taken up this position; the 
cells from the two sources in the region of the peripheral sections of 
the scale become so much intermingled that they are distu^uished with 
difficulty Klaatsch and Ussow, however, have seen cell clusters m 
the same position, and attribute to them the relief on the upper surface 
of the scale Klaatsch says “ At the same time there takes place an 
increase of dermis cells between the epidermis and the scales, and new 
elements thus become added to the scleroblasts on the upper surface of 
the scale, etc , etc. The scales thus become enveloped on all sides by 
loose connective tissue from which the scleroblasts receive new 
auxiliaries.” 

According to Hase, m the further course of the process of scale 
formation the transformation of cutis-coils into scleroblast takes place. 

According to Paget, the papilla from its early origin acquires the 
form of a two-layered circular plate, between the upper and lower layers 
of which the scale makes its appearance. My observations support 
Paget’s conclusions, but the scale papilla from its early origin is not 
two layered, but four-layered. 

With regard to the connective tissue cells, it may be mentioned 
that they never take any part in the formation of the scale. The 
scale throughout its existence is so completely and symmetrically 
enveloped by the scleroblasts ( Fig 6 ) tliat it would be wrong to 
imagine a break occurring in these layers 

( d ) The development of the sdentes * 

The scion tes make their appearance for the first time at the 
extreme out ends of the scale in both longitudinal and transverse 

* On the dorsal surface of the scale are developed concentric inequalities 
which have been various deacribed as *11 he*" “ ridges," "annlt,” “ftddrite*” 
etc., etc. 
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sections and present slight elevations of a substance which to all 
appearance is very similar to that of the upper layer of the scale. The 
explanation of Klaatsch, Ussow and Paget with regard to their forma- 
tion is essentially similar “ The cells concerned arrange themselves so 
that they correspond exactly with the concentric ridges.” In my 
preparations I find, firstly, that they occur at the extreme periphery 
( Figs. 7, 12 ), and appear to be laid down simultaneously with the 
other scale layers, and furthermore they arise within a cluster of cells. 
Just as the scale appears between scale papillae, so do also these appear 
between yot smaller cell aggregations, the sclente papillae In this 
smaller papillae the substance of the sclente inclined towards the 
focus makes its appearance (Fig 7) The cells on the outer side of 
the ridge, situated as they are on the circumference of a widening 
circle, are scattered as growth proceeds and lie between the adjoining 
sclentes , the cells on the inner side are usually kept well in position 
It is well-known that the sclerites in some fish formed during the 
summer are wide apart, while those formed in winter are nearer 
together The surface of the scale is thus mapped out into well-marked 
regions the summer and the winter bands In other words, the scale 
denotes a well marked rhythm. These facts of development have 
been utilised for determining the age of the fish It seems just possible 
that the width between adjacent sclente9 is determined by mechanical 
causes. The sclerites are formed in response to the phasic activities 
of the scale-pocket cells and the interval between each of the phases 
is represented on the scale in the form of sclerites. 

Each scale develops in a pocket of the skin the scale-pocket 
( u Schuppen-Tasche” Klaatsch ) In the Trout, the limits of the 
scale-pocket are well defined and the scale with its close investment 
of four cell layers lies free of the scale-pockcL 

During summer, owing to more active growth, the scale-pocket 
increases in size and makes a larger space available for the scale, so 
that the activity of the scleroblasts lead to an extension of the peri- 
pheral portions of the scale. The formation of the sclentes is capable 
of explanation on the hypothesis that the growth of the scale-pocket 
takes place at regular intervals , like the sclentes of the scale, they 
exhibit rhythm After the growth of the scale pocket, there is a period 
of rest. At the next stage, the border of the scale abuts against the 
sides of the scale-pocket , as a result of extensive multiplication of 
cells on the ventral surface and enlargement of cells on the dorsal surface, 
there is an accumulation of cells at the borders of the scales on the 
dorsal surface. As no peripheral an extension is possible under these 
circumstances, the substance which builds up the sclentes accumulates 
between the cells, and takes the line of least resistance, in other 
words it HA** a path of its own, subject to the restraints which aoa 
D 
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imposed on it and the secretion accumulates in the interstices of 
the cells, which increase considerably in area by their own activity. 
At the completion of sclerite formation, the scale-pocket grows again , 
the strain npon the path of the scale being thus removed, growth takes 
the path of least resistance and the intermediate portions of the scale 
m between the sclentes come to be formed. 

From this it follows that during summer, on account of environ- 
mental factors, the intervals of growth of the scale-pocket are long, 
leading to the formation of widely separated sclentes. In winter, for 
contrary reasons, the intervals of growth are greatly diminished, so 
that the sclentes, winch come into existence, have not had enough time 
to be separated and are therefore crowded together. The sclentes denote 
the resting period, or they represent the arrested growth of the scale- 
pocket. 

Previous records atid potnis oftnieresi 

An important record in connection with scale development — and 
also one of the earliest — is that of Klaatsch (1890). lie wns the first 
to work out the details of the development, and the figures representing 
lus various sections arc very instructive He based his opinion of 
scale formation and growth upon the presence of minute osseous bodies 
m the first layer of the scale and he regarded this part of the scale as 
built up of the ordinary bone tissue. He believed that the second 
layer of the scale is formed from the connective tissue which is deve- 
loped from the scale-pocket. Paget (1920) contradicts the above 
conclusion he believes that the upper layer of scleroblasts gives rise 
to the upper layer of the scale, and the lower scleroblasts to the lower 
layer These facts are in agreement with my observations. 

It now remains to review briefly some expressions of opinion on 
the following questions 

(a) Which of the two scale layers is laid down first ? 

(b) Whether the covering epithelium is one cell thick or more ? 

(c) The changes undergone by the dorsal scleroblasts. 

(a) With regard to the first, Klaatsch and Ussow are of opinion 
that it is the upper layer of the scale which is laid down first Klaat- 
sch states, ( regarding the relation of the lower to the upper layers ) p 
11 it is of significance that the upper layer of the scale exists for a long 
time alone, and that it is not till later, when the covering of the scale 
has completed itself, that the outer part of the scale first appears. 
There exists indeed a genetic relationship between both layers, and the 
external body layer has actually occasioned the formation of the second. 

An examination of entire scales from the very earliest stages 
shows that the lower scleroblastic cells are active at all stages of 
their existence. They very early assume the characteristic polygonal 
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form, and the white spots are also present ( Fig 4 ). If Paget's view, 
( with which I agree ) that the upper scleroblasts give rise to the upper 
layer of the scale, and the lower scleroblasts to the lower layer, be 
correct, then undoubtedly the lower scale layer exists at all stages. 
The polygonal layer of cells, which Klaatsch and Ussow take such 
paws to describe as lying over the scale, lies really below it Attention 
was drawn to this fact by Paget and 1 can fully confirm his observa- 
tions. To the activity of this layer they attribute the formation of the 
upper scale layer In the light of these observations, it would seem 
that both Klaatsch and Ussow make contradictory statements, viz , the 
formation of the upper scale layer first and associated with it the 
lower active epithelium, in their view, the upper The study of 
preparations stained with Delafield's haomatoxyhn corroborates this 
statement. 

I know of no method of determining which of the layers is depo 
sited first The microscopic indications support Paget’s statement that 
the two are laid down simultaneously In the Cod, Tims ( 1902) 
showed that the inner layer which forms the fibrous plate develops 
first and on this the sclentes subsequently differentiate themselves 

(b) The question here to be decided is whether the covering 
epithelium is one cell thick or more 

In connection with the cell layers different accounts exist , this is 
due to the fact that the Delafield's method of preparation obliterated 
the cytoplasmic outlines and made the limiting membranes invisible, 
( compare Fig. 14 with Figs 5 and 9 ) and therefore both on the dorsal 
and on the ventral surfaces the double nature of the cell-layers was 
not clear. These layers in fact are capable of being lifted up and 
separated. Klaatsch, however, described several layers. He says 
that the cell structure on the external surface of the scale show diff- 
erentiation into several layers of cells, and that these cells build up 
the substance of the first layer of the scale. In the opinion of Hase 
and Paget, the covering epithelium is only one cell thick. 

If a reference is made to my figures the question is very convinc- 
ingly answered In preparations of scales mounted entire and stained 
by the special method, the four cell layers lying in different focal planes 
can easily be demonstrated, and the scale throughout life remains 
enclosed by these 

(c) The changes undergone by the dorsal scleroblasts described 
by Klaatsch, Ussow, and Paget are not clear to me. 

According to Ussow, the cells which lie over the already secreted 
substance of the first layer of the scale use themselves up m the 
formation of the scale material ( its first layer ) much more rapidly 
tMp those of the under layer , in later stages consequently one finds 
only nuclei without any trace of plasma. 



28 


JOURNAL OF THE UNIVERSITY OF BOMBAY 


Paget, in describing the stnations, makes the following state- 
ments. “ When the striae are once formed, practically no further 
growth takes place and the nuclei of the cells appear not to attach 
themselves so closely to it as at first , nevertheless, the whole of the 
plasma is used up in the process of stria formation ” ( Fig. 14. ) 

A study of preparations impregnated with silver makes it clear 
that the dor sally placed cells, which appeared to possess no cell-walls, 
have perfectly distinct cell limits hko those on the ventral surface 
(Fig 5). It is also apparent that the protoplasm is not used up in 
the building up of the scale, but on the contrary some product is sepa- 
rated from the cells and contributes to the formation of the scale. 
An interesting question arises with regard to the behaviour of the 
dorsal scleroblasts. Why do the cell limits on the dorsal surface of 
the scale not take up the same Delafield's stain which the ventral 
cells do readily ? One explanation is that the fixing reagents, which 
were employed in the histological technique, destroyed these cell out- 
lines. 

Another explanation would be to regard the ventrally placed cells 
os young ( meristem in plants ), with plenty of protoplasm which 
readily takes up the stain, the ventral marginal cells as they pass on 
to the dorsal layer at the margins are no doubt older in history These 
latter become m a sense static. The protoplasm becomes miscible with 
the ground substance with the result that ordinary methods of stain- 
ing will not bring up the cell walls By silver impregnation the 
colouring matter is deposited in the intercellular regions m the form 
of a precipitate, making the cell limits more opaque. In plants a 
similar phenomenon exists. In the meristematic cells, the cytoplasm 
occupies the whole volume of the cell and stains with the usual 
reagents. When the cells become old, the nucleus lies in a space 
surrounded by a thin film of cytoplasm connected by a number of 
Btrands with the cell- wall. In these cases the cell- wall takes up the 
stain because of the presence of cellulose m the cell- wall, the absence 
of which would make it just as difficult os appears to be the case 
in animal cells 

The cell membrane is to be regarded os part of the protoplasm 
itself, and it vanes in its composition according to the chemical pro- 
cesses going on in the cell 

Summary. 

(1) A satisfactory technique for the investigation of developing 
teleo9tean scales has been described. 

(2) The process of separation of the bard structure of the scale 
( upper and lower layers ) is the work of four layers of cells, to which 
the term scleroblasts may be applied ; these envelop the scale sym- 
metrically throughout life. 
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(3) The upper scleroblasts have, throughout life, definite cell 
limits and become just as dearly polygonal as the lower scleroblasts, 

(4) The upper sderoblasts give rise to the upper scale layer, the 
lower scleroblasts to the lower scale layer as well as to the upper 
scleroblasts themselves. 

(5) The protoplasm and cell limits persist throughout life, the 
substance which builds up the scale arising as an intercellular 

secretion* 

(6) . The scale is situated in a special scale-pocket formed of 
connective tissue. 

(7) The sderitos arise at the extreme peripheral ends of the 
scale and are formed by groups of cells 

(8) It is suggested that the form assumed by the scale and the 
development of the sclerites 19 due to intermittent growth of the scale 
pocket and to the several tensions and pressures to which the scale is 
subjected during growth. 

EXPLANATION OF PLATES 

AH the Photo-micrographs were taken under a Watson's microscope 
provided with Apochromatic objectives and Watson’s Photo-micro- 
graphic apparatus 

FIGURE 1 Trans, section through the skm of young Trout, 
1/6" objective x 4 ocular 

Showing (a) Formation of dermal scale papillae, 

(6) Differentiation of the dermis into an inner 
fibrous and an outer spongy layer. 

(c) Musculature 

Trout 3,5 cms. long. 

Trans, section through the skm of youig Trout, 
1/6" objective x 4 ocular 

(а) Epidermis with mucous cells, 

(б) Cuticularised lower borders of the basal 
epidermal cells, 

(c) A definite basement membrane. 

Trout 2.5 cms. long. 

Longitudinal vertical section of skm of Trout to 
show relation of fibres. Weigart's Resorcin. 
Fnchsin stain. 

1/12" objective x 4 ocular. 

(а) Collagen fibres running in bundles and 
showing a change m their direction, 

(б) Elastic fibres arising straight from the base 
and running singly. 


Figure 2. 


Figure 3. 
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Figure 4. 


Figure 5. 


Figure 6 


Figure 7, 


Figure 


Figure 9, 


A port of scale of Trout. Surface view of the 
ventral surface. Stained Delafield’s Haematoxylin. 
1/6" objective x 4 ocular. 

(a) Large polygonal cells which exhibit every 
variety of shape 

(b) White intercellular spaces between the cells. 

(c) Whitish rings surrounding the nucleus The 
white spots are massed to one side of the 
nucleus and in some cells separated from it. 

(d) Excessive nuclear fragmentation. 

Part of scale from the dorsal surface. ( Nitrate of 
Silver preparation). 1/6" objective x 4 ocular. 
2 layers of scleroblashc cells. 

Impossible to demonstrate without the silver 
method of staining 

Part of scale, stained with Delafield’s and Eosin. 
2/3" objective x 4 ocular. 

Showing general relation of distal ventral layer of 
cells. 

One end of the scale in section. 

1/12" objective x 4 ocular Relation of sclero- 
blasts to the scale. 

(а) Cluster of cells at the cut ends where a ridge 
is in process of formation. 

(б) Also characteristic arrangement of cells which 
form the ridge. 

(c) Note whitish spots in nuclei. 

Transverse section of scale with several layers of 
scleroblasts on the outer surface. 

1/6" objective x 4 ocular. 

(а) The more proximal cells attached intimately 
to the scale. 

(б) The lower cells have separated away from the 
scale and appear more markedly flattened 
than those of the upper layer. 

Trout 3 5. cms. long. 

Part of scale Surface view of ventral cells from 
the anterior region. (Nitrate of Silver preparation). 
1/6" objective x 4 ocular. 

(a) Two layers of sderoUastic cells. 

(b) The layer of cells (proximal) attached to the 
scale has very large spaces. 
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Figure 10. Port of scale. Snrface view of the ventral 
surface , only one layer in focus. (Nitrate of 
Silver preparation). 

1/6” objective x 4 ocular. 

(«) Intercellular substance as well as the diffused 
secretion stained brown. 

Figure 11. Part of scale. Surface view of the ventral surface. 
( Nitrate of Silver preparation ) 

1/12” objective x 4 ocular 

(a) The substance massed to the nucleus stained 
brown. 

Figure 12. End of scale in long vert section. 

1/12 m objective x 4 ocular. 

(a) The formation of the ridge at the extreme end 

(b) The upper homogeneous layer of the scale 
raised into ridges 

(c) The stratification in the lower lamellar layer 
just visible 

FIGURE 13. Transverse section of scale. 

1/6" objective x 4 ocular. 

(a) Position and relation of sderoblasts of the 
two surfaces at the end. 

(b) Cuticle bordering the cells 

Figure 14. Part of scale from the dorsal, surface (Delafield’s 
Haematoxylin preparation) Compare with Figure 5. 

FIGURE 15 Transverse section of scale. 

( 0 ) Cluster of connective tissue cells at the end. 
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INTRODUCTION, 

1 lie present paper on the Phasical Morphology of the Thymus 
Gland in some Common European Tishcs and in two Cyclostomes is 
based on the work done by me in the Oceanography Department of 
the University of Liverpool at Liverpool, while working on the Phast- 
ral History of the J hymus Gland in Plaice of Various Ages, etc , already 
published in the fifth part of the first volume of this Journal As 
indicated in the title of this paper, this survey is not complete and 
tequires to be supplemented by an examination of the thymus ghnd 
m some more fishes, particularly specialized ones The work is being 
continued by me in the Zoology Department of the Royal Institute of 
Science, Bombay, and its results wi'l be published in due course, 

MATERIAL 

This investigation was carried on mostly with material fixed m 
formalin lhe specimens were well preserved and in sections produced 
satisfactory results when stained with Mayer's Glychaemalum 

THL 1 HYMUb IN THE TELEOSTS 

Pleuroftectes Umanda 

( Specimen 2+ ems long. ) 

1 he thymus in this specimen was m position and shape similar to 
that of the plaice winch has been described in detail in my paper there- 
on already published in this Journal It was 5 mm long, 2 mm broad 
and 1 mm thick It consisted of a few rounded and rod shaped lobules 
loosely packed together. On its upper surface it consisted of two 
rows of lobules. 

In another specimen 29 cms. long it was 6 5 mm long and 2 mm. 
broad 1 hus in both of these it was evidently smaller than the thymus 
in the plaice of the same length. 

B 
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in length, 7 mm. m breadth and 15 mm thick in the middle As it 
was applied to the curved external surface of the auditory capsule, 
it appeared Jess broad than it really was, when its outline was projected 
to a single vertical plane. 

In connection with its histology much could not be observed in a 
series of 20|l sections of a specimen preserved in 3% Formalin Still 
it was noticed that there were no coagulum balls Its external margin 
was in contact with a thin layer of branchial epidermis and its internal 
margin was not definite Moreover numerous thymus cells were seen 
in the adjoining connective tissue all along its internal margin 

The pronephros was behind the thymus by as much as the thymus 
was behind the eye Lymphocytes were accumulating in it 

In a young herring 4 5 cm long from the same locality, the thy- 
mus measured 2 2 ram long, 1 9 mm broad and 6 mm thick in the 
middle Thus during this time it had trebled its former length and 
thickness while its increase in breadth was relatively less Now it 
nearly reached the head kidney Its internal margin was quite definite 
except in the middle In the connective tissue adjoining this central 
part a large number of thymus cells were seen. Along its external 
surface underlying the epidermis a clearer area could be distinguished 
It was 06 mm thick or in other words one- tenth of its whole thick 
ness It contained relatively a less number of thymus cells and the 
interspaces were larger Irregular clearer spaces and pycnotic thymus 
cells were seen scattered throughout the thymus 

In a young herring 12 cm long and less than two winters old the 
thymus measured 5 mm. long and 2 mm broad It appeared to be 
pushed out towards the epidermis by the underlying muscle and it 
appeared as a small ingrowth of the epidermis in that region It clearly 
showed that its growth was not keeping pace with the growth of the 
body even before the fish became mature 
Clupea sprattus 

In a specimen 7 5 cm. long and three years old the thymus had 
completely disappeared. Its place was occupied by fibrous connective 
tissue 

Saltno fano. 

Deanesly has recently studied the life history of the thymu9 in 
this fish It resembles the life history of the thymus in Herring Sec- 
tions were cut of a newly hatched larva of this fish and it was observed 
that the thyroid was also rudimentary as the thymus. 

C entrolophus ntger 
( Specimen 52 cm. long. ) 

In this deep sea form the thymus was altogether absent. While 
searching for the thymus the lymphoid tissue of the head kidney was 
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easily reached os the intervening connective tissue was very loose 
The head kidney looked like the thymus but in sections its true nature 
was revealed Hammar has recorded the thymus in a specimen of 
Centronotus gunnellua 12*5 cm long 

The Thymus in Elasmobranchs. 

Chttnaera monstrosa. 

In a specimen 70 cm. long it was found to be absent. But 
Hammar has recorded it in this species and he has statod that the 
process of involution begins in specimens of about 75 cm. length 

Rata maculata . 

( Specimen 18 cm. across the body ) Text-Fig 3 

The thymus of each side was situated in this specimen on its 
dorsal side behind the spiracle and on the mesial side of the gill 
pouches When the integument in this region was removed a layer 
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Thymus of Rate maculta. A, Dissection of 18 cm. wide specimen exposing 
the thymus on the left side. B, Part of the thymus exposed on removing the skin 
and connective tissue. 

of about 15 ampnllary tubules was seen lying in the underlying loose 
connective tissue. When the tubule9 were removed a part of the thymus 
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was exposed between the lateral sensory canal and the gill pouches. 
The remaining part along the gill-pouches was covered by a paddle- 
shaped muscle whose tendon passed straight to the anterior margin of 
the snout by the outer side of the spiracle When this muscle wa9 
removed the roughly triangular dorsal surface of the thymus was fully 
seen Its outline was modified so as to fill in the space among the 
surrounding organs. On its mesial side it closely followed the sigmoid 
curve of the lateral sensory canal and on its external sido it pushed its 
way between the gill-pouches. Between its anterior side and the spiracle 
was seen the stout levator mandibulans muscle. When it was separated 
from the surrounding parts it was seen tapering to an edge on the 
ventral side. It thus roughly resembles an elongated prism. All along 
its surface it consisted of rounded lobules closely packed together 

When the connective tissue enclosing it was removed it was seen 
to be made of five lobes. These lobes corresponded to the gill-pouches 
but their margins alternated with the margins of the pouches. 

It was 19 mm long and 7 5 mm broad In a specimen 26 5 cm. 
across the body the thymus was 16 mm long and 7 mm brood 

In a specimen 3+ cm across the body the thymus was so well 
developed that its dorsal surface, instead of being flat as before, now 
bulged out between the lateral sensory canal and the rostral levator 
muscle The latter now occupied a trough between the thymus and 
the gill-pouches The thymus was 22 5 mm long and 10 5 mm broad. 

Rata clavata. 

In this fish the thymus occupies the same position and has 
the same shape as that in the former ray In a specimen 9 cm across 
the disc it was 8 mm long and 3 5 mm broad In a specimen 20 cm 
across the body it measured 1 1 mm long and 5 mm. broad, and in a 
specimen 49 cm. across the body it was 28 mm long and 18 nun. 
broad The connective tissue covering it was fibrous and the levator 
rostn muscle was shifted towards the gill-pouches. It appeared to be 
proliferating at the edge but its microscopic study showed that it was 
really involuting. 

Acattihtas vulgaris* 

( Specimen a foetus 19 cm. long. ) 

The foetus had a yolk-sac, as large as itself, attached to it. Its 
thymu9 ( Text-Fig 4 ) was situated on each side immediately below 
the lateral line in the region of the gill-slits. When the skin was 
removed it presented an ellipsoid area made of numerous small lobules. 
Some of the lobules were elongated but most of them were rounded. 
They appeared to be arranged in parallel rows running between the 
lateral line and the gill-slits, It measured 11-5 mm. k>x$ and 4-5 ram, 
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broad It was comparatively very thin as it consisted of a single layer 
of the lobules 



Lateral view of a foetal Acantbaa vulgana 19 cma long showing the thymus 
on the left side 


In a foetus 21 mm. long (Text-Fig 5 ) the thymus was repre' 
sented by six rudiments on each side at the dorsal ends of the gill slits 
The foetus was very young as its eyes were represented by optic 
vesicles seen as lateral out growths m front of the spiracle or the most 
anterior gill-slit The fore-brain bulged out ventrally between the 
optic vesicles On account of the cranial flexure the mid brain formed 
the anterior end of the long axis of the foetus. 1 he mouth was a deep 
diamond-shaped pit behind the fore-brain. Filaments of external gills 
were seen coming out of all the five gill slits. The pectoral and pelvic 
fins were represented by tiny lateral flaps. 

In Text-Fig. 5 the positions of the thymus rudiments are shown 
in the dorsal view of the foetus. Their outlines were reconstructed 
from a series of 20p. transverse sections. The first thymus rudiment 
on each side was in connection with the dorsal edge of the spiracle and 
was situated midway between its external and internal openings It 
was like an elliptical plate thickened in the middle It partly covered 
the dorsal edge of the spiracular sht and chiefly spread down its pos- 
terior wall In a longitudinal section of a foetus passing through it, it 
was like the root-cap seen in a longitudinal section of a root tip In 
sections the area of the thymus rudiment was marked by the absence of 
the basal membrane between the hypoblastic epithelium and the sur- 
rounding connective tissue Moreover the thymus rudiment (Plate I f 
Fig 1) or the part of the epithelium was thickened and consisted of round- 
ed, loosely packed cells unlike the columnar closely packed cells of the 
surrounding epithelium. In sections the surrounding epithelium was 
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seen to have thickened but it may have been doe to the sections being 
not quite transverse to it. 

In a specimen 70 cm. long the thymus was quite vestigial 
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camctda . 


In an embryo 8 cm long (Text-Fig 6) the thymas was well deve- 
loped and consisted of two lobes lying dorsal and just anterior to the 



Lateral view of an embryonic Dogfish 8 cm. long showing the thymus, 
first two branchial arches respectively. The first lobe was larger and 
longer than the second Both of them were very close to each other 
at the dorsal end Each of them consisted of a few lobules. 

In a dogfish about 70 cm long the thymus was quite inconspicu- 
ous. When it was sectioned with its surrounding connective tissue it 
was found to be reduced to a few minute lobules from which a large 
number of thymus cell9 had emigrated and left vacant spaces behind. 

The Thymus in two Cyclostomes. 

Lampeira fluvtaitlts 
( Specimen a larva 6 5 cm. long. ) 

This specimen preserved in methylated spirit was secured from 
the British Museum ( Nat Hist. ) through the courtesy of Dr J. R. 
Norman. In this specimen ( Plate I, fig 2 ) the thymus was represent 
ed by a pair of irregular nodules of the thymus cells situated in the 
neighbourhood of each of the external branchial pores. One of them 
was dorsal and the other was ventral to the latter. Immediately ex- 
ternal to the nodule there is a large blood sinus and the thymus cells 
appear to form a part of the contents of the blood sinus. But a good 
differentiation was obtained by staining the sections with Glychaema- 
lum, which proved their distinctiveness. As this series of sections was 
not complete the number of such nodules forming the thymus rudiments 
could not be determined But Schaffer has stated that all branchial 
pores have similar pairs of nodules and therefore the thymus in the 
larva of this Lamprey consists of twenty-eight nodules. 
w 
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In a Brook Lamprey (Lampetra planen), 7 5 cm- long the 
thymu 9 was absent. 

CONCLUSIONS. 

The present survey of the thymus gland of fishes deals with spe- 
cies representing the large morphological divisions of fishes- Thus 
it includes notes on the thymus of some of the round bodied and flat- 
tened bony fishes, some Kays and Dogfishes, a Holocephalian and two 
Cyclostomes It also includes a reference to a deep-sea form. From 
the condition of the thymus observed in various fishes at various stages 
of their life histories it is evident that the organ is present m all fishes 
but that the organ has a variable origin and a variable duration in 
different kmd9 of fish While in the Rays the thymus rudiments are 
seen in connection with all the five gill pouches, in some Dogfishes it 
is confined to the first two gill-pouches only Similarly while the 
thymus is completely reduced at or before the time of maturity in 
Herring and Trout, it continues to grow in Rays and Flat fishes, and 
also in Cod This suggests that no correlation could be established bet- 
ween the involution of the thymus and the maturity of the gonads in 
fish It further suggests that in some fishes like Rays and Flat-fishes 
the thymus continues to be active and functional beyond the time of 
their maturity. 

When the si7,c of the thymus in various fishes is considered it 
strikes one that the organ in flattened and sluggish fishes like the rays 
and flat-fishes is more developed than in the round-bodied and active 
fishes. 
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STUDIES ON THE HONEY BEE, APIS INDICA-I 

By 

M J PRESSWALLA, B. A->B. Sc. 

(Department of Biology, Wilson College, Bombay . ) 

( 4 Text-figures and 4 Photographs ) 

Introduction and Historical Background . 

A study of the indigenous honey bees has been undertaken at the 
suggestion of Professor C. J. George, and though the work will take 
many years for completion, I have no hesitation to publish the follow- 
ing few observations m view of the interest they will create in Apicul- 
ture in the Bombay Presidency. I take this opportunity to recotd my 
indebtedness to Dr. George for offering me his valuable guidance in 
pursuing this study. 

Apiculture as a side line industry to Agriculture is practised in 
many countries. In some of these countries the industry is carried out 
on a large scale. Figures are not available on the output of honey for 
all these countries, but it is well-known that thousands of tons of 
honey are exported by Canada, Australia and the United States of 
America. Though the possibilities of apiculture in India have received 
the attention of Government as early as 1883 when, as a result of an 
enquiry, the Government of India published the replies from local 
Governments under the title “ A Collection of Papers on Bee-keeping 
in India", the industry is still in an infant state in India. One of the 
early attempts at culturing bees on scientific lines was made by the 
Agricultural Research Institute, Pusa. In 1910 and 1911 the Institute 
imported some colonies of the European bee. Later Mr. T Bainbngge 
Fletcher, Imperial Entomologist, published two articles on bee-keepmg 
in the Agricultural Journal of India, Vol VI, Part IV. A further 
consolidated account came out in 1914 as Bulletin No. 46 of the 
Agricultural Research Institute, 

During the years 1911-1916 Father Newton, S. J, conducted 
trials on the cultivation of the Indian bee Apis indica His results 
were published in an article in the Agricultural Journal of India, 1917. 
The Department of Agriculture, Mysore, began the study of apiculture 
with the Indian bee about ten years ago and have made good progress 
Mr. J. S. Baldry attempted culture of the Indian bee at Narsapnr 
during 1926-1929. The account of hi9 experience was published in 
the “ Illustrated Weekly of India ", dated 7th December 1930, 28th 
December 1930, 15th February 1931, and 22nd November 1931, 
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Recently the Rural Reconstruction Brandi of the South Indian Y. M. 
C. A. has taken up apiculture ( culture of Apss t rtdtca ) with a view to 
popularize it among the Indian farmers They have their centres at 
Coimbatore, which ib subsidized by the District Board, and at 
Marthandam ( Tra van core ). The cultivation of the Indian bee has 
also been attempted at the Agricultural College and Research Institute, 
Coimbatore. 

Outline of the Habits of the Indigenous Species of Apis. 

There are three species of Apis in India , — Apts dorsata, Apts tndica 
and Apis florea. In some of their habits the three species resemble a 
good deal, though the comb building and nesting habits are very 
different. 

Apis dorsata ( Fig. 1 ) is the biggest of the three and is primarily 
a dweller of the forest. The Western Ghats afford ample favourable 



Fig. 1 Apu donate Fabr ( worker ) x 3-3. 
ground for it. It is usually known as the " rock bee”, and builds its 
hive on high situations, and the shelter from an overhanging cliff is a 
very favourite haunt for it. It always keeps its nest a certain height or 
more from the ground, thirty feet being the lowest noted so far in this 
part of the country. Each colony has only a single enormous comb. 
The average size of a comb is about 18" x 18*, though combe of 39* x 
18* are on record (Gosh— Rept Third Ent. Meet., Pusa, 1919), 
The cell measures roughly ] of an inch in diameter and is A of 
an inch in depth. The bee is very efficient on the wings and can fly 
upto 300 yards at a stretch. Its long abdomen acting like a rudder 
to the efficiency of flight. When irritated it is ferocious and 
flnmwla and human beings dread it, 
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It is believed that Apts dorsata has a migratory habit, living in the 
hills daring the Summer and migrating to the plains in the rainy 
season. This record under careful scrutiny does not seem to be 
authenticated. A hive of this insect has been in existence under the 
eaves of the Wilson College continuously for the last two years. A 
second swarm which settled early in June last is still continuing m 
Bombay though the Summer has set in. The belief also proves 
unreliable when we analyse the conditions absolutely essential for such 
a migration. In the first place it must be credited with the power of 
anticipating the coming change of weather. There are no grounds to 
make such an assumption. Further the workers and the queen will 
have to fly a long distance in order to reach either destination, and 
even a six-months old queen will be unable with her heavy abdomen 
to accomplish that feat. 

Aptsflorea ( Fig 2 ) the smallest of the three species, builds its 
nest at lower heights than does Apts dorsata, but like the latter it builds 



Pig. 2. Apaflona Fabr (worker) x 66 

single combs. Its comb does not measure more than 6* x 6" Each 
cell is only tV of on inch in diameter and /o of on inch in depth, 
or just half that of Apts dorsata It is a poor honey gatherer but its 
honey has a fine taste It is a poor flier, much less efficient than 
Apts dorsata and Apis tndtea It has been found that it is subjected 
to attacks by a mite. 

Apts tndtea ( Fig. 3 ) is intermediate m size between Apts dorsata 
and Apts florea. It builds its hive at lower heights than Apts dorsata . 
It inhabits hollows or crevices on trees, walls or some masonary con- 
structions. Like Apts mellifica , the European species, it builds 
parallel combs and is therefore thoroughly suited for domestication. Jt 
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Fig 4. An artificial box hive, ( detached ) 

A.— The basal piece showing only two of the seven moveable trainee, 
m. fr , moveable frame, br c., brood comb l k, foot board, ent, 
entrance to the hive. 

B*— The middle piece showing only two of the seven frames, m. fr , 
moveable frame. 

C —The top piece with Its ventilatioos. vn* ventilation 
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Explanation of thl Plate. 

Photograph 1 ^n e\|*rmicnt il bee hi\e kept in the Harming Gardens, 
Uomb.iv 

riiotounph } Eht thrf< piores of tlie arlilit id lux e 
Photograph 3 One of llic mouablt fronts, u itli biuod comb, pullid 
out of the luxe 1 

Photograph -f \ I > |nr«\l comb of -rl /?/ s nithut, with tie workers 
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the hive and bears on its walls small round openings ( vtt . ) dosed 
with wire nets for aeration. The wire netting prevents the bees bom 
passing through the opening at the same tune offering sufficient ventila- 
tion. A hive of this kind could be made for Ra. 5/. 

On all the moveable parallel frames the bees construct readily 
their wax combe. The larger lower combs ( Fig. 4 A. br. a . ) are 
utilized os brood combe with their supply of brood honey and pollen, 
while the emails upper combs are used for the storage of surplus 
honey. 



THE CHROMOSOMES OF POECILOCERA P1CTA, FABR. 
(A short-horned grasshopper) 

By 

J J AS ANA 

Gujarat College, Ahmeddbad, 
and 

S. MAKINO 

Hokkaido Imp University, Sapporo, Japan. 


Introduction. 

Since the beginning of this century male germ cells of Orthoptera, 
particularly of the short-horned grasshoppers, Acndidae, have furnished 
very favourable material for chromosomal studies In Acndidae more 
than in any other group of insects it has been demonstrated by a host 
of investigators among whom Dr. McClung ('14) and his associates 
have been most active that a remarkable constancy of numbers, forms, 
size and behaviour exists in the chromosomes of a very large number 
of representatives of this family of short-horned grasshoppers. 

Since 1928 one of us, Asana ('28, '30, '31), has been observing a 
remarkable deviation in chromosome numbers in some representatives 
of Indian grasshoppers of the sub-family Pyrgomorphinae of the fami- 
ly Acndidae, and a preliminary account of the chromosomes of an 
Indian species Poecilocera picta is presented herewith 

Material and Method. 

The following observations are based on testes derived from 
nymphs in all stages and adults of P picta collected from the fields 
adjoining the Gujarat College, Ahmedabad. Large numbers of these 
insects are found feeding on the leaves of Calotropis and the common 
hedge plant, Euphorbia, late in the monsoon. The youngest nymphs 
appear in the field two times in a year, once in April, and again in 
October or early November. 

Specimens were decapitated or killed by pouring a little xylol on 
them soon after they were obtained from the field, testes quickly dis- 
sected out and subjected to a variety of fixatives, of which Champy’s 
mixture, weak Flemming with reduced glacial acetic acid or just a 
trace of acetic, and Benda’s fluid seemed to be the most favourable for 
chromosome studies. Sections were cut 10 to 15 micra thick and 
stained with Heidenhain’s iron heamatozylin. 
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OBSERVATIONS. 

I. Spermatogonia The Chromosomes of the spermatogonial 
metaphase are all rod-shaped, straight or slightly curved (Fig. l). 
They arrange themselves radially in the equatorial plate, forming a 
typical rosette. In sections from well preserved material the homolo- 
gous mates are easily recognized The diploid number of chromosomes 
as seen in the spermatogonia of this species is 19, 9 pairs of which are 
to be regarded as autosomes, the remaining one is the X-chromosome 
or the accessory chromosome functioning as a sex determinant. This 
unpaired accessory can be easily recognized by its rough contour, and 
it is rather narrower than the autosomes. 

According to McClung ( ; 14) the diploid number of chromosomes 
in several numbers of Orthoptera belonging to the so called Hippicus- 
type appears to be 23 While 19 chromosomes as the diploid number 
have been reported in a few species only, for instance, in Atractomor- 
pha (Machida, '17) and Pamphagus (Granata, '10). As compared with 
those of the Hippicus type, the chromosomal complex as seen in 
Poecilocera, Atractomorpha and one or two other species is devoid of 
4 dot-like chromosomes. 

2* Primary spermatocytes The chromosomes of the primary 
spermatocyte metaphase at the first maturation division (S. C.), are 10 
in number which are composed of 8 ring-tetrads, 1 rod-tetrad and an 
accessory or a sex chromosome (Figs. 2-3) The accessory is always 
situated in the central part of the equatorial plate surrounded by other 
chromosomes. In this reduction division the autosome tetrads are all 
divided into two equal halves, each half assuming a V-shape, while the 
sex chromosome goes undivided to one of the two poles of the spindle 
slightly in advance of the batch of the V shaped halves going to the 
pole towards which the accessory proceeds, as is shown in the tangen- 
tial view of the spindle (Fig 4). 

3. Secondary spermatocytes at tht tnetaphase As a result of 
the asymmetrical first maturation division as seen in the above-men- 
tioned primary spermatocytes two kinds of secondary spermatocytes 
appear at the metaphase of the second maturation division (Fig9. 5-6). 
One group consists of what may be called X-class secondary sperma- 
tocytes each of which contains the accessory or sex chromosome 
besides 9 autosomes, thus having in all 10 chromosomes. In the 
other group of secondary spermatocytes the accessory or X-chromo- 
some is absent. Cells of this second group contain only 9 autosomes 
The chromosomes as seen in this second maturation division are all 
V-shaped at the metaphase, each V-shaped chromosome consisting of 
two rods superimposed at their inner ends where the spindle fibres 
are attached. 

Throughout these two maturation divisions the accessory chromo- 
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some shows a characteristic feature in that It does not get at iatentely 
stained by the dye as the aatoeomee; it shows comparatively drffaae 
staining. 

We are greatly indebted to Prof. Dr. Kan Ogoma to whom we 
wish to express oar sincere appreciation for his great interest and 
helpful criticism in this study. 
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1, spermatogonlal metaphase, 19 chromosomes, 2-3, primary sperma- 
tocyte metaphascs, 10 tetrads, 4, side view of first division , 5 f secondary 
spermatocyte metaphase, X-cIass, 10 dyads , b, the same, no X class, 9 
dyads X, the sex chromosome 




THE PROTRUSIBLE VESICLFS IN CYRTACANTHA 
CRINAE ACRIDIINAE ( Orthoptera ) 

By 

V P VARDB, 

Professor of Biology Samaldaa College Bhavnagar 
Introduction 

The writer discovered these vesicles for the first time in 1929 in 
Anacridimn aegyptinm Anatomical studies since then on other 
Acridnnae have shown that the vesicles are present in all the specimens 



Fig 1 The posterior end of the abdomen of Aoatnkm eegfphim, female 
wen from the ventral aspect the sub-genital plate lifted op and the body 
tilted to one aide to show the orifice* of the verides (V 1 and that of gpnopore 
(0) S p^the opening of apermatheca a gwaub genital plate o ifeventral 
vahee of ovipaiton , a wjuadarae] velvet of ovipoatoa X B 
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f T^m ip oH and that their presence may form a distinct sab-family 
character 

The specimens examined are as follows - 

1 Anaondtum aegyptium, L 

2 Calltptamus ttaltcus, L 

3 Petotehtx gtomat, ( Rossi ) 

4 Schutoccrca paranensts, TArsk 

5 S gregana FOrsk 

6 Patanga suoctncta L 

7 Palaotosa khandcUnsts, Bolivar 

8 Podtsma sp 

The anatomy of the vesicles — 

The vesicles in question are situated, one on each side of the 
gonopora, in the membranous area between the 8th stermte and the 
hue of the ventral valves of the ovipositors Normally they are 
hidden from view beneath the sab genital plate of the 8th stermte 
( Figs. 1 and 2 ) Each vesicle has the form of a blind membranous 





Fig 2. The aune as the figure first seen from lateral aspect, the ventral 
valves of ovipositors partly dissected to show the opening «f apennatheca od 
=oviduct Tbs rest u in the fig 1 X 8 

pouch projecting into the body cavity on either side of the gonodnct 
and attached to muscle bands which are inserted into the apodeme of 
the 8th stermte ( Figs 2 and 3 ) 

The histology of the vesicles — 

A longitudinal section of the wall of the vesicle, under study, 
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shows the following structures from without inwards ‘ — 

1. A thin noncell alar layer of chitin. 

2. A hypodermal layer and, 

3. A very thin layer of the basal membrane. 



S3 

Fig. 3. The posterior extremity of abdomen of Fev&tox gvnau 
Explanations as in the fig 1 X10 

The chitinoos layer which is formed by the secretion of the 
hypodermis, is pierced through by a number of fine canalicules or 
ducteoles with chitmous lining ( Fig. 5 C ) The chitinous layer is not 
of uniform thickness ; towards the bottom of the pouch it is somewhat 
thinner than elsewhere ( Fig. 4 ) 



Fig U portion of a longitudinal section of the oviductory vesicle, 
tucsbaol membrane; c-c=canaHcuie, Uschtiinotts layers, m.=muade hand, 
qjc^anudeue of a faypodennal cdL, n. g.sqmdeua of a glandular cell, kx 
secretion »▼. c^coOecting reticule, X37B. 
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The hypodermis is composed of elongated cells each containing a 
large, irregular more or less spherical nucleus with a large number of 
chromatin granules ( Fig 5 nc. ) The cytoplasm of the hypodermal 
cells shows a reticular appearance after fixation. The basal membrane 
of these cells is extremely thin. 




Fig 5. One of the hypodermal cells surmounted by a glandular cell 

Explanations as in the Fig 4 X 1075 

In between and at the base of the hypodermal cells are found cer- 
tain typical glandular cells with a large nucleus c ontaining chromatin 
granules. The cytoplasm of the g la nd u lar cells when fixed with 
common fixatives shows a fine granular structure. Each of these 
cells contains a form of a small vesicule ( Fig 5 Vc. ) which collects 
the secretory product of the cell and passes it an into the cavity of the 
pouch along the path of the canalicule ( Fig. 5c) 

The Homology of the Vesicles — 

Similar type of vesicles— Coxal vesicles— are described by OUDE- 
MANS (1888) in Thysanura. Larvae of Agelasttca aim and Meloaoma 
popuh also possess similar vesicles, bat in then: case the turgidity of the 
organ is followed by ejection of blood (reflex Heeding). 

The vesicles of the type described above are also found in Or- 
thoptera m general CUENOT (1896) finds a vesicle at the base of the 
elytra of Ephtpiggar brunert. VOSSELER (1903) describes a vesicle 
situated under the pronotum of Oedaleua attiegalensia and a similar one 
near the articulation of coxae in Eugosltr guyotti. HOLLANDE 
(1926) also describee certain vesicles of reflex Mtnllng in BugfuUr 
spimthsus. 
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The vesicles of Acndimae are, however, associated with the 
genitalia of the female only. Morphologically they may be considered 
as homologous with the coxal glands of Thysanura. But then they are 
found only in Acndimae Physiologically they may possibly be similar 
to the lateral saccules found m the female Bombyx rnort, '’where the 
secretion is ejected at the time of copulation They are therefore con- 
sidered as odoriferous organs which attract the male. 

Resumi — 

(1) Glandular vesicles arc present one on each side of the 
gonopore of Acndunae. 

(2) The vesicles are protrusible, the movement being controlled 
by a set of muscle bands attached at one end to the base of 
the pouch and at the other end to the apodeme of the 8th 
stermte 

(3) Histological studies indicate the glandular nature of these 
vesicles. 
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STUDIES IN INDIAN PUFFERS OR GLOBE FISHES 
II. THE BLOOD VASCULAR SYSTEM OF 
TETRODON OBLONGUS (Bloch). 

By 

P R AWATI, I. E S. & D WAMAN BAL, M Sc 
Royal Institute of Science, Bombay 
The vascular system (Figs. 1, 2, 3, 4, 5, 6 & 7) of Tetrodon 
oblongus consists of the heart, arteries, veins and capillaries, through 
which the blood is propelled forward in a definite direction by the 



Fig. 1 —Venird View cftim Heart cf T oblongta. 


Af Br A — Afferent Branchial Artery, Aur.— Auricle , B. Av— Bulbue 
Artenoue. CD— Cuvierian Duct V. Ao.— Ventral-Aorta Ven.— Ventricle. 
1 , II ,& III —Afferent Branchial Arteries 



STUDIES IN INDIAN PUFFERS OR GLOBE FISHES 


59 


rhythmical contract tons of the heart. The coarse of the blood may 
diagraxnmatically be represented as follows — 


Sinus Venosus 


Ductus Cuvieri 

I 

Veins 

i 

Capillaries erf the Tissues 
Arteries to the body 
Epibranchial arteries 

i 

Efferent bronchial arteries 

^ Capillaries 

The circulation of blood can 


Auricle 

I 

Ventricle 

I 

Bulbus Arteriosus 

I 

Ventral Aorta 

i 

Afferent branchial arteries 

the gills 

described under different follow- 


ing heads 

1 Heart —The heart (Figs. 1 & 2) in Tetrodon oblongos 
consists of the sinus venosus, the auricle and the ventricle and is 
surrounded by the thin pericardium. The heart nearly fills the 
pericadial cavity which is closed off from the abdominal coelom by a 
fibrous transverse septum. 

Sinus venousus —The sinus venosus ( Fig. 4 Sin. V. ) is a thin 
walled transversely elongated chamber placed at the base of the 
pericardial cavity. The large veins opening into it are the paired 
envienan ducts ( into which open vessels from the anterior as well as 
posterior regions of the body ), the paired subclavian and lateral veins, 
and the unpaired hepatic and inferior jugular veins. The sinus 
venosus together with the cuvierian ducts forms a horse-shoe shaped 
structure with the ends pointing dorsal ward. It encircles the oeso- 
phagus ventrally and laterally. 

The sinus venosus communicates anteriorly with the auricle 
through the sinu-auricular aperture ( Fig. 2 Si Au. Ap ), situated in 
the middle of its ventral wall. This opening is guarded by a valve 
( Fg. 2 Su Au. V.), consisting of two membranous flaps (lips) anterior 
and posterior in position. This valve prevents the backward flow of 
blood from the anncle into the sinus venosus during the contraction 
of the former. 

Aurtde .—The auncle (Aur.) is a very irregularly shaped 
structure. It lies on the left side of the ventricle and extends slightly 
on its anterior and posterior sides and encircles it on both the ventral 
and dorsal sides. The wall of the auricle is thicker than that of the 
sinus venosus and is strengthened internally, especially on its dorsal 
and ventral portions by interlacing muscle bands, the mnaculi pectinati 
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( Pig. 3 M. P. ). It is separated from the ventricle by short horizon- 
tal anricnlo-ventricular constriction. In the latter is situated the 
aurtculo- ventricular orifice ( Fig. 2 An. Ve. Ap. ) through which the 
auricle opens into the ventricle. It is guarded by a pair of vortical 
semilunar pocket-shaped valves, one anterior and the other posterior 
( Pig. 2 An. Ve. V. ). They are membranous flaps which project into 



Fig 2 —The Htart c( T oblong* ckmdtdfrom On widraJ nsfocs. 

Au. Ve Ap.— Auriculo-Ventncular Aperture, An. Ve V.— SemDnear 
Pocket-shaped valves, Cv —Semilunar Valves, SL Au Ap — Slanaurkultr 
Aperture. , SL An. V — Slnu-surlcular Valve. Remaining letters same a in 
Fig- 1 

the cavity of the ventriclei with the cavities of the pockets facing the 
ventricle. The mechanism of this kind of valves consists of the 
pockets being swollen out by the blood flowing into them and thereby 
closing the orifice. 

Veninde .—The ventricle (Ven.) is antero-posteriorly enlongated 
cylindrical structure, situated somewhat ventral to the auricle. Its 
posterior portion as already mentioned, is partly enclosed by tbs 
auncle, The walls of the ventricle are very thick and muscnlar and 








STUDIES IN INDIAN PUFFERS OR GLOBE FISHES 


61 


are produced internally into ridges — the colnmnae car nae (F«. 3 
Col. C. ). The latter redace its Inmen to a considerable extent and 
give the ventricle a spongy texture. The structure that follows the 
ventricle is the Bulbus Arteriosus which is nothing but a greatly 
dilated basal end of the ventral aorta. Between the ventricle and the 
bulbus arteriosus there is a deep constriction or furrow which appears 
to indicate the remains of the conus, since in this region there is a pair 
of aamilnnar valves (Fig. 2 Cv.) located one above the other 
dorsoventrslly. They guard the opening of the ventricle into the 
bulbus. They are pocket-shaped and have semilunar edges. Their 
cavities point towards the bulbus arteriosus. 



Fig. 3 —Transfer* SecSon of ih» Hurt of T. Mrngm pasting tkrou^i As Aurtdt 

and VentncU. 

Got C —Colnmnae Garnae . M P — Muaculi PectinatL Remaining letters 
same as in Figs. 1 & 2. 

Bulbus artenosus : — The structure of the heart of a higher 
Teleost deviates generally from that of a lower Teleost and other 
fishes like the Elasmobranchs as far as the region of the conus is 
concerned. The lower Teleostomes ( such as the Chondrostei, 
Polyptenni and Lepidosteoidei ) possess a well developed muscular 
and contractile conus which is a continuation of the distal end of the 
ventricle. In the higher Teleostomes (such as the Teleostei) on 
the other hand, the conus is reduced and is replaced wholly or partially 
by a non-con tractile and non-muscular structure called “ The bulbus 
Artenosus " ( B. A. ). Thus the bulbus arterioas does not constitute 
any part of the heart but it Is simply a swollen proximal or basal part 
of the ventral aorta. The latter is greatly swollen at its origin from 
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tha ventricle and its internal surface is produced into longitudinal 
folds. Its walls as well as the folds are composed of the fibrous 
connective tissue without muscle strands. 

Ventral Aorta — The bulbus arteriosus is followed by the distal 
port of the ventral aorta ( V. Ao. ) which runs along the ventral sur- 
face of the pharynx and between the ventral extremities of the gill 
arches. It is a non-contractde and tubular structure and its walls are 
composed of fibrous connective tissue It gives rise to three afferent 
branchial arteries ( Af. Br A. ) on each side. 

The Afferent Branchial Artertes — The first pair of the afferent 
branchial arteries is formed by the bifurcation of the ventral aorta 
itself and supplies blood to the first pair of gills. Each of them runs 
along the outer grooved surface of the first branchial arch, supplying 
blood through numerous branches along its whole length to the anterior 
and posterior gill lamellae of the fir9t holobranch. The second and 
third afferent branchial arteries of each side seem to arise from the 
common vessel arising from the ventral aorta at a little distance 
behind the first. This common vessel is divided internally by a fine 
septum into two branches almost at its origin but externally it appears 
to be continued as one for an appreciable distance where the two 
afferent arteries diverge from each other. The second and third 
afferent arteries of each side run almost parallel with the first of that 
side along the grooved surfaces of the second and third branchial arches 
respectively 

The function of the heart is to pump the blood to the gdls. This 
pumping of the blood is effected by the rhythmical and successive 
contractions of the heart. These contractions are effected by muscle 
strands of the muscular tissue of which the heart is made. The con- 
traction of the different parts of the heart takes place in a regular 
order ; first the sinus, then the auricle and ventricle and finally it ends 
in the bulbus or ventral aorta When the sinus venosus contracts, 
the blood, brought to it by the veins coming from different parts of 
the body, is forced forward into the auricle through the sura-auricular 
aperture. But the blood is prevented from running backward into 
the ductus cuvier since the latter, being always full, is under a higher 
pressure than what is obtained id the auricle The two membranous 
flaps which form the smu-auricular valve, prevent the backward flow 
of the blood from the auricle into the sinus when the former con- 
tracts in its turn and drives the blood into the ventricle The two 
semilunar pocket-shaped valves in the ventricle act likewise and 
prevent blood from flowing back into the auricle when the ventricle 
contracts. During the contraction of the ventricle, the blood passes 
into the bulbus arteriosus and thence into the ventral aorta. There is 
a pair of eemilunar valves at the opening of the ventricle into the 
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balboa arteriosus and any return of the blood into the ventricle is 
made impossible by the presence of these valves. The blood then 
passes into the three pairs of afferent branchial arteries in order of 
their origin and is taken ultimately into a great number of lamellar 
capillaries of the gills where the oxygenation of the blood takes place 

The Efferent Branchial Arteries — The aerated blood from the 
several gill lamellae is collected by a set of efferent capillaries into three 
pairs of blood vessels called “ the efferent branchial arteries ” ( Fig. 4 
Ef Gr A. ) corresponding to the three afferent branchials. There are 
only three such arteries on each side ( since the fourth efferent branchial 
artery has disappeared along with the disappearance of the fourth gill ). 
It should be noted here that the blood from the two demibranchs of 
each branchial arch i.e , from a single holobranch is conveyed to the 
lateral dorsal aorta of each side by single efferent vessel unlike that of 
the Dogfish in which a loop is formed in the gill region. Each effe- 
rent branchial artery is continued dorsally towards the lateral dorsal 
aorta ( L, Aa ) of its side as the epibranchial artery ( E. Br. A. )• 
The three epibranchials of each side form the lateral dorsal aorta of 
that side. The paired lateral aortao thus formed unite posteriorly on 
the dorsal side of the cesopliagus and form the dorsal aorta ( D. A. ). 
Anteriorly they run towards the base of skull as the common carotid 
arteries which will be described in connection with the head arteries. 

The Artenes of the Head ( Fig. 4 ) — The common carotid artery 
( C Car. A. ) which is the anterior continuation of the lateral aorta 
divides into the external and internal carotids 

The external carotid ( Ex. Car ) is termed as u Orbitonasal " by 
Allen, Nils Rosen and other authors. It runs forward along the 
ventral surface of the skull and extends right up to the anterior end 
of the head. On its way it gives off several branches supplying the 
eyes, eye-muscles, nostrils etc. While the internal carotid ( I. Car. ) 
after running for a short distance enters the parasphenoid and meets 
its fellow from the other side and thus forms the “Circulus Cephalicus", 
the characteristic structure of the Teleosts ( Cir. C. ). 

A pair of arteries is given off both anteriorly and posteriorly from 
the circulus cephalicus at the place of the union of the two internal 
carotids. The anterior pair forms the Optic arteries ( Opt. A. ) and 
the posterior, the Cerebral arteries ( Cer. A. ). The Optic arteries 
have a very short common root since they soon diverge out from each 
other. Each of them, then, passes out towards the eye of its side 
along the corresponding optic nerve and enters the retina along with 
the nerve. While the Cerebral arteries arise like the optic arteries 
but on the opposite side from the circulus cephalicus. They enter the 
cranial cavity through the parasphenoid and then they separate out 
immediately after their entrance into the right and left cerebral 




A B. A. 2— Artery to the Air Bladder from the Subclavian artery , 
A B.A 3— Artery to the Air Bladder from the Dorsal Aorta , A. Hy.— Hyoi- 
dean Artery , Af Br. A —Afferent Branchial Artery , Af P».Br A —Afferent 
Pseudo-branchial Artery , Ant Cer A —Anterior Cerebral Artery , Aur — 
Auricle , B. A — Bulbus Arteriosus , C A.— Caudal Artery, C Car A-— Com 
mem Carotid Artery, Cer A— Cerebral Artery, Or C.— Cbculua CephaUcus, 
Cm A — Coeliaco Mesenteric Artery , D A.— Dorsal Aorta , E ftre 5 E 
Br A.— Eplbranchlal Artery , E( Br A —Efferent Branchial Artery , El Ps. 
Br A.— Efferent Pseudo^randdal Artery , Ex Car— External Carotid Artery , 
L Car —Internal Carotid Artery , L. Ao.— Lateral Dorsal Aorta ; M. Ant Cer 
A —Median Anterior Cerebral Artery. M Poet Cer. A.— Median Posterior 
Cerebral Artery, Mn. A.— Mandibular Artery, Noe.— -Nostril , Op. A.— 
Op&halmlc Artery , Opt A*— Optic Artery , Or A.— Orbital Artery, Poet 
Cer. A.— Posterior Cerebral Artary, Pi Br — JhmtibHmck : R A. In- 
Arteries to the Kidney from tbe Subclavian Artery, R. A- 2.— Arteries to the 
Kidney directly from the Dorsal Aorta , Sd A.— Subclavian Artary ; Sin. V — 
Sinus Venosus, Sp A.— Spinalis Artery, V Aa— Ventral Aorta, Yen — 
Ventricle , VeaF A— Artery to tbe Ventral Fin, Ver. A^— Vertebral Artery 



STUDIES IN INDIAN PUFFERS OR GLOBE FISHES 


65 


or tones. Each of them curves out by the side of the pituitary body 
and forms a sort of a semicircular loop within the cranial cavity 
Posteriorly the two loops approach each other m a mid-ventral line 
between the optic lobes, where each of them again divides mto two 
branches forming the anterior and posterior cerebral artenes (Ant 
Cer A f Post Cer A ) The anterior cerebrals after a short course 
unite with each other beneath the optic lobes and form the combined 
median anterior cerebral artery ( M. Ant. Cer. A ) The latter runs 
forward along the ventral portion of the brain anterior to the cerebel- 
lum and thereby supplies blood to this part of the brain. The 
posterior cerebrals likewise moot each other and form the combined 
median posterior cerebral artery ( M Post. Cer. A. ), which proceeds 
towards the posterior region along the ventral surface of the brain. 
The combined median posterior cerebral artery gives out a small pair, 
one on either side beneath the medulla oblongata. It supplies blood to 
the fifth, seventh, eighth and ninth cranial ner\es and also to the 
auditory organ. The median artery is then continued behind as the 
spinalis or basilans (Sp. A ) artery which runs along the ventral 
surface of the spinal cord throughout its length. 

The Orbital artery (Or. A ) arises on each side of the lateral 
aorta a Little behind the opening of the first epibranchial artery into the 
some. It is known as orbital artery ( Goodrich ) or external carotid 
(Nils Rosen) It runs forward towards the orbit dorsal to the 
pseudobranch and supplies blood to the region surrounding the eye. 

The Pseudobranchial or Hyoidean artery ( A. Hy. ) is a fairly 
large vessel arising on each side from the ventral end of the first 
efferent branchial. It is called the “ Hyoidean or Pseudobranchial 
artery" which on leaving the branchial arch gives rise to a small 
branch called Mandibular artery ( Mn A ). The latter supplies blood 
to the mandibular and to the opercular regions. The main hyoidean 
trunk then turns round dorsally and runs along the internal surface of 
the operculum as the 11 Afferent Pseudobranchial artery " (Af. Ps. Br. 
A.). After reaching the pseudobranch it breaks up into several 
capillaries in the filaments of that structure. The blood from the 
pseudobranch is again collected by the efferent pseudobranchial 
capillaries. All these unite to form the “ Efferent Pseudobranchial 
artery " ( Ef. Ps. Br. A ) which after crossing over the external 
carotid divides into two branches. One of them is known the 
Ophthalmic artery ( Op. A. ) and the other running inward, meets its 
fellow from the other side above the parasphenoid. The ophthalmic 
of each side proceeds towards the eye along the optic nerve of its side 
and parallel with the optic artery already described. It finally 
perforates the sclerotic coat and supplies blood to the choroid gland of 
the eye. 

i 
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Thus it will be seen from the above description that the 
pseudobranch is supplied with arterial blood unlike the other gills. It, 
therefore, appears that it has lost its original respiratory function 
though its morphological structure is almost similar to that of a 
demibranch of an ordinary gill. The function of the pseudobranch is 
not yet ascertained. Joh. Muller (6) suggested that the pseudobranch 
is a gland furnishing an internal secretion, and that the object of the 
included capillary system of the pseudobranch is to equalise the 
intraoptical pressure by smoothing down the pulsation of the heart. 
According to Cole and Johnstone (6) there is no evidence of the 
elaboration of any internal secretion and the blood in the ophthalmic 
artery has already passed through the branchial capillaries before 
reaching the pseudobranch. 

The Hypobranchial Arteries ( Fig. 5) — They consist of small 
vessels, arising from the ventral ends of the three pairs of efferent 
branchial arteries. The prominent of them is a small commissural 
vessel (Com. A. 2.), arising from the ventral end of the second 
efferent branchial artery It unites with its fellow of the other side 
below the ventral aorta and the combined vessel thus formed is called 
the " Median Hypobranchial Artery ” ( Md. Hy. Br. A ). The latter 
runs down for some distance in a vertical direction through the sterno- 
hyoid muscles and then turns behind towards the posterior side. It 
gives off a single “ Sternohyoid ” artery ( St. A ) to the sternohyoid 
muscles while passing through them. Then the median hypobranchial 
artery is continued towards the posterior end and it gives off a pair of 
lateral branches at the anterior end of the pericardial cavity. Each of 
the laterals may be called as the " Pericardial " artery ( Perl. A. ) 
which runs on each side along the outer margin of the pericardial 
cavity and finally disappears in the muscles of the pectoral girdle. 
On its way it gives off several smaller branches, supplying blood to 
the heart, the pericardium, the air-sac and to the pectoral muscles. 
Behind the pericardials, the median hypobranchial artery becomes 
small and supplies blood to the ventral longitudinal muscles of the 
air-sac and to the air-sac itself ( A. S. A. ). Each commissural from 
the second efferent branchial artery gives off in addition a small branch 
towards the anterior side before joining its fellow from the other side. 
This small Buccal Artery (Bu. A. ) runs forward and supplies blood to 
the muscles on the ventral wall of the buccal cavity. 

Similarly there arises on each side a commissural vessel from the 
ventral ends of the first and third efferent branchial arteries. Tbs 
commissural from the first ( Com. A. 1 ) is small and divides into 
two branches at some distance from its origin. The anterior of the 
two runs u front and the posterior one joins the commissural from 
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the second efferent branchial artery. The commissural from the 
third ( Com. A. 3 ) likewise divides into two branches. The anterior 
of them runs forward and opens into the commissural from the second. 



Fig 5 —The Hypobratuhtd Arteries of T. obbngus. 

A & A —Artery to the Air Sac, Bu A— Buccal Artery, Com. A 1— Com 
A 2. and Com. A 3 —Commissural Vessels from the First, Second ft Third 
Efferent Branchial Arteries respectively , Ef Br A.— Efferent Branchial 
Artery , Md. Hy. Br A —Median Hypobranchial Artery , Perl A— Pericardial 
Artery, St A —Sternohyoid Artery. 

The posterior branch of the same runs behind and breaks into smaller 
vessels below the oesophagus. It supplies blood to the dorsal region 
of the heart, and to the pharyngeal and oesophageal regions 

The Dorsal Aorta and itt Branches —The dorsal aorta ( Fig. 4 ) 
gives out several branches which are described below. 

(1) The Subclavian Arteries —A pair of large vessels arises 
from the dorsal aorta at its very beginning They are called the 
“ Subclavian arteries " (ScL A ) supplying the paired pectoral fins. 
Immediately after their origin they proceed oqt towards the body-wall 
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and on their way they give off a stout branch to the air bladder 
( A. B. A, 2 ). While running outward towards the fins they pass 
through the lobes of the kidneys ( R. A. 1 ) to which they supply blood 
by several smaller branches Finally each of them enters the pectoral 
girdle and supplies the pectoral fin of its side. 

(2) The Cochaco-tnesenUno Artery , — The coehaco-mesenteric 
artery (Figs 4 & 6 Cm. A. ) is an unpaired vessel lying to the right 
side of the body. It originates ventrally from the point of the 
union of the two lateral aortae to form the dorsal aorta. Immediately 
after its origin the coehaco-mesenteric proceeds posteriorly between 
the oesophagus on one side and the liver on the other. It first gives 
a stout branch called the Hepatic artery ( Fig. 6 Hep. A.). The latter 
divides into smaller branches, all of which enter the liver at different 
points. The main trunk then runs along the stomach and gives rise 



Fig. 6 —Vaadar Supply cftke ASmmtory Canal- 
( The black lines show the Arteries and the others show the Veins. ) 

A & A 1 —Artery to the Air Btedder from the CoeUaco-meseateric 
Artery, A.EV L— Vein from the Air Bladder Joining the Hepatic Portal 
Vein, A.P- Anal Aperture, B.C V.— Branch from the Caudal Vein Joining 
the Hepatic Portal Vein, Cm A— CoeHaco Mesenteric Artery; Da- 
Duodenum , Gen. A —Genital Artery , Gen. V 1— Genital Vein Joining the 
Hepatic Portal Vein, Hep. A— Hepatic Artery; Hep. Pt— Hepatic Portal 
Vein, lot— Intestine , L— Liver, Pan.— Pancreas , Ret— Rectum, St— 
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to several vessels supplying the oesophagus, stomach, spleen and air- 
bladder ( Fig. 6 A B. A 1 ) Onward the original vessel breaks 
np into some more branches supplying the intestine, rectum, and 
mesentery. Lastly the terminal part of the Coeliaco-mesenteric 
artery gives off branches supplying the anus, gonads and urinary 
bladder ( Fig 6 ). 

(i) The Air-bladder Artery — Behind the cocliaco-mesentenc 
and the sub-clavian arteries, the dorsal aorta gives off another unpaired 
artery supplying blood to the air-bladder ( A. B A. 3 ). 

(4) The Rend Arteries — The dorsal aorta gives off two pairs 
of the renal arteries ( R. A. 2 ) at short intervals, behind the air-bladder 
artery. They supply blood to the posterior lobes of the kidneys. The 
second pair of the renal arteries breaks up into a smaller branch which 
supplies blood to the vertebral column ( Ver. A. ). 

(5) The caudal Artery. — The dorsal aorta lies beneath the 
vertebral column for some distance and then at a short distance behind 
the origin of the second renal artery it lies within the groove formed by 
the succeeding trunk vertebrae. Posteriorly that is behind the anus it 
enters the haemal canal of the caudal vertebra and then the dorsal 
aorta is known as “ The Caudal artery ” ( C. A. ). The latter gives off 
at its beginning an unpaired vessel to the ventral fin ( Ven. F. A.). 

(6) The Segmental Arteries — They consist of several poured 
vessels which arise from the dorsal aorta on its way towards the post- 
erior side. They supply blood to the body-wall and to the trunk and 
tail muscles. 

THE VEINS. 

The impure or deoxygenated blood from all parts of the body is 
collected and carried back to the heart by thin- walled vessels called 
“The Veins" (Figs. 6 & 7) The veins coming from the different parts 
of the body may be described as follows .— 

L Veins from the anterior region in front of the heart. 

(a) The Anterior Cardinals 

(b) The unpaired Inferior Jugular. 

(c) The Clavicular veins. 

II Veins from the posterior region behind the heart 

(A) Veins in the abdominal cavity. 

(a) The Posterior Cardinals. 

(b) The Renal Portal system. 

(c) The Hepatic Portal system. 

(d) The Genitals. 

(e) The Air-bladder vein, 




Fig. 7 —Vtmm Sfttom of T OMonjM. 

A. B— Afar Bladder: A.B V. 2-Vein from the Air Bbdder opening 
into the Posterior Cardinal Vein, Ant CartL«Anterior Cardinal Vein, Aw* 
Amide; & A.=Bolbus Arteriosus, Br V<*Bnchlal Veins- CD^Cuvierian 
Duct ; C. V.*=Caudal Vein, a V.=Ctavicuiar Vein; Gen. V. 2«=Genital Vein 

r mg Into the Curiertan Duct .GoascGonad, Hep. V^Hepatle Vein: LV^» 
Vein, Ini Joslnferlor Jugdar Vein , K.«*Kmney , L»Uver ; LA.V^s 
Lateral Abdominal Vein, L.C.Y =Latenu Cutaneoua Vein; Pom. Cni" 
Posterior Cardinal Vein, Rn. PtsRanal Portal Vein; Sg. V^6egmental 
Vein, Sin. VjaSinus Venoaus, Sob. V.a4ubctariaa Vein ; Unp. Poet 
Card.»Unpelred Posterior Cardinal Vein, V. C. V^Veatre) Caudal Vein : 
Vea-VenWde, 
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(B) Veins in the body-wall. 

(a) The Lateral Abdominals. 

(b) The Lateral Cutaneous 

I. AH the blood from the head region is returned to the heart by 
the large paired anterior cardinals, unpaired inferior Jugular and by the 
paired clavicular veins coming from the clavicular muscles 

(a) The Anterior Cardinals. — The paired anterior cardinals 
( Fig. 7 Ant. Card ) are large thin- walled vessels which drain the blood 
from the head, eyes, brain, branchial regions etc. They start from the 
anterior portion of the head and are joined on their way by smaller 
vessels from the orbito- nasal and branchial regions They, then, run 
towards the heart along the ventral surface of the skull and dorsal to 
the branchial arches The anterior and posterior cardinals of each side 
open side by side into the wide transverse vessel, the " Cuvierian duct ” 
( C. D ) The latter is continued into the sinus venosos. 

(b) The Inferior- Jugular ■ — The unpaired inferior jugular vein 
( Inf. Ju. ) originates from the ventral margin of the branchial arches 
and runs above the ventral aorta for a short distance. It then bends 
outside and proceeds towards the sinus venosus by the side of the heart. 
It opens into the right side of the sinus venosus. 

(c) The Clavicular Veins — They consist of two slender vessels 
( CL V ) arising from the antero-lateral side of the skull and from the 
clavicular muscles. They proceed towards the sinus venosus along the 
ventral region of the gills Each of them collects blood from the clavi- 
cular muscles and finally joins the lateral abdominal vein ( to be des- 
cribed subsequently ) of its side 

II. The Veins that dram off the blood from the region behind 
the heart can be described under two heads as mentioned in the table 
given above. 

(A) The veins coming from the abdominal cavity consist of five 
principal vessels as described below. 

(a) The Posterior Cardinals — The Posterior Cardinal veins 
( Post Card. ) consist of two wide but very short vessels owing to the 
shifting of the kidneys towards the anterior end of the abdominal 
cavity. Each of them commences in the compact kidney of its side 
and then approaches the anterior cardinal of the same side in the 
region of the heart However it opens separately into the cuvierian 
duct as mentioned above. In addition to the blood from the kidney, the 
posterior cardinal receives venous blood from the air bladder ( A. B. 
V. 2 ). A small vein starts on each side from the dorsal wall of the 
air hi adder and after running outward towards the region of the kidney, 
it empties its contents into the lumen of the posterior cardinal vein. 
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(b) 77 m Renal Portal System : — The caudal vein ( C V. ) from 
the tail runs towards the anterior side through the haemal canal, 
immediately beneath the caudal artery. It, then, emerges into the 
abdominal cavity and runs as a single vessel for a short distance. This 
undivided portion of the caudal vein may be called as the “ Unpaired 
Posterior Cardinal ” ( Unp. Post. Card. ) vein. It is joined on its way 
by a single vein, formed by the union of two vessels one from each 
side The latter are the inner branches of the iliac vein ( I. V. ). It 
then divides into the right and left renal portal veins ( Rn. Pt. ) at 
some distance behind the air bladder. Each of the brandies curves 
out and proceeds towards the kidney of its side and enters the posterior 
lobe of the same It breaks into several smaller branches in that 
organ. The kidney also receives an additional supply of venous blood 
from the muscles of the trunk through several segmental veins (Sg. V.). 
Finally the blood from the kidney is drained off by the posterior 
cardinal and thence to the cuvierian duct. 

(c) The Hepatic Portal System ( Fig. 6 ) — The blood from the 
different ports of the alimentary canal, also a small portion from the 
gonads ( Gen. V. 1 ), the urinary bladder and the two ureters, together 
with a small portion of blood from caudal vein ( B. C. V ) and the 
blood from the ventral region of the air bladder (A B. V. 1 ), is col- 
lected by a series of smaller veins constituting the Hepatic Portal 
system These several veins join each other as they run towards 
the liver and thereby give rise to a principal vein called “ The Hepatic 
Portal Vein ” (Hep. Pt.). The latter runs towards the liver and 
finally discharges its contents into it It should however be noted 
that the hepatic portal vein does not enter into the liver by a single 
trunk but it divides again into a small number of branches before 
entering into the liver. They, then, enter the liver independently and 
break into numerous capillaries in the interior of that organ 

The blood from the liver is recollected by a number of small 
veins which ultimately unite into a short, wide and unpaired vein called 
the “ Hepatic Vein ” ( Fig 7 Hep. V ). The latter opens directly into 
the sinus venosus 

( d ) The Genitals . — A stout vein ( Fig. 7 Gen. V. 2 ) starts from 
each gonad ( either testis or ovary ) and runs forward towards the 
heart along the ventral surface of the air-bladder. It finally opens 
directly into the cuvierian duct of its side. It should be mentioned 
here that in a few specimens it was found that the two genital veins 
joined each other and then the single vessel, thus formed, opened into 
the right cuvierian duct 

(e) The Air-bladder Vein— A small vein (Fig. 7 A. B. V. 2) 
starts on each side from the dorsal wall of the air bladder after 
running outward towards the region of the kidney, it empties its con* 
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tents into tbe lumen of the posterior cardinal vein of its side It may 
be noted here that a portion of the venous blood from the ventral 
region of the air bladder 19 collected by a single slender vessel. The 
latter opens ( as described above ) into the hepatic portal vein on its 
way towards the liver ( Fig 6 A- B V. 1. ) 

(B) The Veins running along the body wall consist of two paired 
loop like vessels as described below * — 

(a) The Lateral Abdominals — These paired veins arise from the 
post-cloacal myotomes, on the ventral region of the tail by the side of 
the ventral fin Each of them is formed by the union of several 
smaller vessels coming from the muscles of the surrounding area of 
the ventral fin and some from the ventral fin itself. They, thus, give 
rise to a single vessel on each side of the ventral fin. It seems to 
correspond to the Iliac vein (I V. ) of the Dogfish Each of them 
proceeds forward and divides into two branches as soon a r it enters 
the abdominal cavity The inner of the two receives several segmental 
veins from the precaudal myotomes and from the cloacal region It, 
then, joins its fellow of the opposite side and the common vessel thus 
formed opens into the unpaired posterior cardial vein as described 
above The outer branch on the other hand continues forward as the 
well-known “Lateral Abdominal Vein ”, on each side (Fig 7. L A V ) 
It runs forward along the latero-ventral side of the body, immediately 
external to the peritoneum and is more or less embedded in the ventral 
longitudinal muscles. On its way towards the heart it receives several 
branches from the trunk muscles. It turns dorsalwards in the pectoral 
region and then receives a branch from the clavicular muscles as 
described above. The common vessel thus formed turns again towards 
the posterior side and soon enters the sinus venosus 

(b) The Lateral Cutaneous — In the mid-ventral region of the 
tail behind the ventral fin, a vein is formed by the union of two smaller 
vessels. The single vein so formed may be called for convenience sake 
11 The Ventral Caudal Vein” (V. C. V ) as distinguished from the other 
caudal vein already described It runs along the raid-ventral lino as for 
as the ventral fin, where it divides into two branches one running on 
each side of the fin It, then, proceeds along the lateral bodywall as 
the “ Lateral Cutaneous Vein" (L. C. V ) below the skin and runniig 
almost parallel with the lateral abdominal vein mentioned above. On 
each side it runs as for as the pectoral region where it joins anteriorly 
with the Brachial vein (Br. V ) of its side. Tbe common vein thus 
formed, carry rag blood both from the pectoral girdle and from tbe 
lateral cutaneous vein may now be called the 11 Sub-Clavian Vein" 
(Sub. V.). The latter enters finally Into the sinus venosus. 

Thus it will be seen that certain portion of the venous blood from 
caudal region reaches the heart directly without the intervention of 

J 
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either the renal portal or hepatic portal systems , whereas the remain- 
ing main portion of blood has to pass through one of the two portal 
systems 
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TWO NEW SPECIES OF THE GENUS DIPLOTRIjBNA 
(NEMATODA) PARASITIC IN THE 
COMMON INDIAN MYNA 
( Acridotherea Tristts Trtsha). 

Bg 

J. N. KARVB. M. Sc 

Biology Department, S. P. College, Poona. 

The parasitic worms described in this paper were collected from 
the body-cavity of the Myna on two occasions. A study of the 
structure of these worms revealed the presence of two distinct species 
in the lot, 

DIPLOTRIAENA ACRIDOTHEREI N. SP. 

The worms belonging to this species are long and white in colour. 
The males measure 35 mm.-52 mm. in length and have a maximum 
width of 0487 mm. Females are much longer than the males and 
are 118 mm.-125 mm. long with a maximum breadth of 07 mm.- 
1-2 mm. The cuticle of the body appears to be unstriatad in both the 
sexes. The worms taper towards the extremeties, the anterior end 
being somewhat narrower than the posterior one. The trident mea- 
sures 0-127 mm.-0*154 mm. in the male and 0-154 mm.-0-245 mm. 
in the female. Its anterior end is blunt. The oesophagus can be seen 
through the body-wall, in all the specimens, with the naked eye. It is 
divided into two parts— a short anterior and a very long posterior one. 
The posterior portion of the oesophagus, in all the specimens, appears 
hh ck under the microscope. The length of the entire oesophagus is 
8-61 mm.-8 691 mm m the male and 9 17 mm.-ll 072 mm. in the 
female. The short anterior part of the oesophagus is 0*21 ram. — 
0-227 mm. long in the male and 0-21 ram.-0*272 mm in the female 
The nerve ring is situated at 0-209 mm.-0 227 mm. from the 
anterior end in the male and 0 2 mm.-0-209 mm. from the same end 
in the female. The tail of the male measures about 0 1 mm. m length 
and is truncated. It is somewhat compressed dorsoventally and 
expanded to some extent laterally in the cloacal region. The tail of 
the female is round and measures 0*290 mm.-0-372 mm. in length. 

There an eleven pairs of caudal papillae in the male. Two pain 
an praanal and the remaining ones postanaL The left papilla of the 
second preansl pair is, in some specimens, displaced and is situated bp 
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the side of the anal aperture. Of the eleven pairs, five are situated 
on the margin of the taiL The spicules are unequal and dissimilar. 
The right spicule which measures 055 mm. -0-61 mm. is spirally 
coiled and is the smaller of the two. The left spicule is straight, much 
longer and varies from 1*7 mm.-2*51 mm. in length. 



Dtplctruuita aendothera 

Dorsal view of the anterior end of the male. N— Nerva ring. 

In the female the vulva is situated at a distance of 0 454 mra.- 
0*609 mm. from the anterior end. The vagina is muscular and 
gradually dilates as it runs posteriorly, the point of bifurcation being 
Situated at a distance of about 2*90 mm. from the vulva in a specimen 
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measuring 125 mm. The eggs are thick-shelled 
and measure 0056 mm.-0-059 mm. x 0-035 mm.- 
004 mm. 


Host — Myna ( Acndotheres trtstts tnsita ) 
Habitat — Body cavity. 

Locality — Nagpur ( C. P. ) 



Lnpuxrwna ocrmXH/mro 

Laterval view of the anterior end of the male. 

DIPLOTRIAENA NAGPURENSIS N SP 

A single male worm of this species was 
found among the worms belonging to the species 
D. acndotehre t. It could easily be marked out 
from the rest on account of its concave anterior 
end and the projecting tridents. 

The total length of the worm is 35*95 mm. 
with a maximum thickness of about 0*591 mm. 
The tridents measure 0 165 mm. Their anterior 
end is truncated and projects beyond the cuticle 
of the anterior end of the worm. In the dorsal 
view the anterior extremity shows a forwardly 
directed concavity with the tridents on each side 
of it. The oesophagus is very long and as usual is 
divided into a short anterior portion, measuring 
0*272 mm. and a much larger posterior one with 
E length of 7*178 nun. The nerve ring is situa- 



Ffe 3 

ft piobonu atnkthuti 
Posterior end of ihe male 
to show the spicules. Ventral 
view. 
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tad at 0-2 mm. from the Anterior end and encircles the first portion 
of the oesophagus. 

The posterior end appears round in lateral view, but whan seen 
from the ventral side, it is truncated. No caudal r*!* 111 — ooold be 



Fig 4 

DifkMatna acridotlurm 

TaB of the male under higher ma gnificat ion showing the caadalpvllke 
end the ends of Spicules. Ventral slew. 

made out. The cuticle of the postanal as well as some portion of the 
preanal region, is granular. The cloaca and the lips of the anal 
aperture are supplied with muscles which are inserted on 
thickenings. The appearance presented by the tail is like a network 
of muscles with granular interstices. The spicules are unequal and 
dissimilar. The right one is spirally coiled and measures 0*5 mm. 
while the left is 2*1 mm. in length. 

Thie worm resembles D. jmtt&tm (Schneider, 1866) and 
D. uroamt Maplestone, 1931, in certain characters. Howevsr, it 
possesses others which distinguish it front both these f p ^ j es, Ip 
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Fig 5 

Dtpiatnatm nagpunmis 

Donal view of the anterior end of the male 



Ffc.6 

Let art] view of the anterior end of the male. 
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D pungens the trident measures 0 25 mm.-0 27 mm.; it is only 
0 165 mm. in the present species. The tndents in D. nagpurensts 
protrude beyond the anterior end os in D. pungens but the lip-like 
elevations which are present m the latter species are not present in 
the former. Moreover in D. nagpurensts the anterior end of the 
trident is distinctly truncate and forms a slight 



concavity when viewed laterally. The oeso- 
phagus and both the spicules are distinctly 
smaller in D. pungens than these structures 
found in D . nagpurensts. According to 
Schneider's observations D. pungens possesses 
seven pairs of caudal papillae in the male. 
Boulenger ( 1928 ) could observe only three 
postanal pairs in the single specimen at his 
disposal. In D nagpurensts no caudal papillae 
are present in the male. This would show 
that D, nagpurensts is quite distinct from D. 
pungens . 

D uroctssae is comparatively a much 
smaller worm than D. mgpurensts . Though 
in D uroctssae the tndents project beyond 
the cuticle of the anterior end just as they 
do in D. nagpurensts, their anterior ends are 
sharp and not truncated as in the latter 
species. Again, there are two pairs of caudal 
papillae in the male of D. uroctssae, whde 
there are none in D. nagpuretists . Thus it 
would be seen that D nagpurensts is quite 
distinct from D. uroctssae. 

Host— Myna (Aortdotheres trtshs trtshs) 
Habitat — Body cavity 
Locality— Nagpur (CP.). 
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A REPORT ON THE STUDY OF 14 BLOOD PRESSURE" 
OF INDIANS IN BOMBAY 
By 

S G. VENGSARKAR. M D , 

Asst Hon Physician to the Ktrtg Edward VII Memorial 
Hospital, Pared , Bombay . 

P RAGHAVAN, M.R,OS and G B GODBOLE, M.B , B S. 

Post graduate Students at the King Edward VII Memorial 
Hospital, Parelf Bombay 

During the past decade or two, the importance of sphygmom- 
anometers measurements has increased to such an extent that to-day it 
is considered a necessity to estimate the blood pressure as a matter of 
routine either in the consulting room or at the bedside. The technique 
of measuring the blood pressure has been so simplified by the introduc- 
tion of the auscultatory method that it comes within the scope of every 
general practitioner to make a fairly accurate estimate of the same 
Its value from the points of view of diagnosis and prognosis cannot be 
ignored. 

To understand the proper significance of an individual's blood 
pressure reading in any pathological condition, it is essential to have a 
definite idea of the normal range of variations under physiological condi- 
tions. A good deal of work has been done in other countries on normal 
blood-pressure and the extent and nature of departure from the 
normal in various pathological conditions. But unfortunately no such 
ground work has been done as regards the people of this country. 
The only reference that we have been able to find is in the work of 
McCay on the systolic blood pressure of Hindus of Calcutta. The 
work of Cadbury among Chinese students at Canton and of other 
observers among people id semi-tropical places suggests that the blood 
pressure of Indians ought to be lower than that of people residing in 
more temperate climates It is with a view to have an idea of the 
blood pressure and its variations in physiological states under the 
peculiar environments in India ( Bombay ) that this investigation was 
taken in hand An attempt has been made to give a statistical treat- 
ment to the data collected from the materials at our disposal with a 
view to getting a better understanding of the ca u s e s responsible for its 
variations. The blood pressure in cases of Pneumonia was also 
studied from the materials available in the medical wards of the K. E. 
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M. Hospital ; bat this will form the subject of another paper. The 
work was started at the end of September 1930 and was brought to a 
close In October 1932. During this period the blood pressure of 1,302 
persons was measured Of these 1,012 were Hindus, 108 were 
Christians, 113 Parsis, 64 Mohamedans and 5 Jews. 

Mafertals and the method 

The basal blood pressure, t e. the blood pressure under basal condi- 
tions of metabolism was investigated among those of the students, resi- 
dent medical officers, nurses and the clerical staff, residing on the 
premises of the group of hospitals in Parel. The blood pressure during 
working hours was studied in addition, amongst school children attending 
Dadar schools and amongst clerks of the Municipal Head Office and 
among students of the Ismail College, Andheri. 

Throughout our investigations we have adopted the horizontal 
position (recumbent posture) without a pillow or with a low pillow 
under the head. The subjects were allowed to he down for about five 
minutes on the couch during which period a record of the name, sex, 
relevant personal history, family history and habits (especially as 
regards food, alcohol and tobacco ) was made m order to allow tune for 
the subjects to get over the nervousness and become familiar to the 
examiner before the readings were taken. 

A mercury manometer graduated in Mms of Hg. with a standard 
12 c. m. arm cuff was used. The pulse rate was counted for half 
minutes until two countings tallied. Three blood-pressure readings 
were token and the average of the last two readings was recorded 
The systolic blood pressure was read at the appearance of first clear 
sound and the diastolic at the point of transition between the 3rd phase 
of sharp clear sounds and the 4th phase of muffling of the sounds. A 
record of the height and weight was obtained and the urine of the 
subjects was examined for albumin and sugar. 

We have omitted from consideration those cases which presented 
any cardiovocular abnormality (except sinu9 arrhythmia) and those 
coses which showed presence of albumin or sugar in the urine. In our 
series, 12 25% of school children between 6 and 20 years of age showed 
respiratory or sinus arrhythmia. The urine of 4 out of 522 children 
showed a faint reduction with Folding's solution but the problem was 
not investigated further. Three children gave positive tests for albumin 
by the heat and sulpho-salycilic acid tests. 

Results. 

Blood Pressure of Hindus 

The average systolic pressure of Hindu boys between 5 and 9 
years of age was found to be 84-2 mms. For boys between 10 and 19 
years of age, it was found to be 934 mms. For adults of 20 to 29 
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years, 30 to 39 years and 40 to 49 years it was found to be 114*5, 120*8 
and 116*5 mm respectively. The systolic blood pressure of all the 
adult age groups mentioned above, does not show a fluctuation greater 
than can be accounted for by chance variation alone, and here we agree 
with Wing Commander Treadgold that " age between 18 and 40 and 
proportionate height and weight have little effect on blood pressure 
The majority of this group ( Hindus) were vegetarians and teetotallers. 
Those of them who styled themselves non-vegetarians had in 
addition to the vegetarian diet a few eggs and few ounces of meat or 
fish once or twice a week. All the medical students who took a fair 
amount of exercise fall in the age group 20 and 29 years whilst in the 
higher age group are included clerks and others following a sedentary 
occupation. The results are arranged in Table I. Similar figures from 
English and American sources are given in Table Ilia. The figures 
found by us for the various age groups are considerably below those 
given by those authors. Compared with Americans our subjects 
showed a difference of 14 9 mms. in the systolic pressure. McCay at 
Calcutta found the systolic blood pressure of Hindus to vary between 
83 and 110 mms., the average being a little over 100 mms. la another 
senes of observations he found the averages to be more or less the 
same. Our figures as compared to McCay’s are slightly higher both as 
regards the average as well as the range of variation. Cadbury 
working with Cantonese students found the averages which are given 
below : — 

Cadbury Our work 


14 

years. 

15 to 20 
years. 


21 to 30 
years. 


Systolic. 

83 mms. 

10 to 19 „ 

f Systolic 

934 

mms. 

Diastolic 

51 „ 

Diastolic 

56-1 

,, 

Poise. 

31 .. 

years. 

l Pulse. 

3348 

» 

Systolic. 

Diastolic 

Poise. 

Systolic 

101 mms. 
62 „ 

39 „ 

101 mms. 

21 to 30 . 

'Systolic 

m 

114 52 mms. 

Diastolic 

68 „ 

Diastolic 

73-23 

H 

Poise. 

36 „ 

years. 

L Pulse. 

44 32 

» 


It will be noticed that our figures are higher than those of 
Cadbury. He found that 60% of his subjects had blood pressure 
ranging between 90 and 1 10 mms., whilst 57 4% of our subjects had a 
systolic Hood pressure ranging between 90 and 1 19 mms. 81 8% of the 
Hindu nurses examined had a systolic blood pressure ranging between 
90 and 119 mms. It will be noticed that there were several cases that 
showed a systolic pressure of over 130 mm. They form 0*26% in the 
age group 10 to 19 years, 10*9% in the age group 20 to 29, 22 2% in 
the age group 30 to 39 years and 18*7% in the age group 40 to 49 
years. The subjects who had blood pressures below average were 
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found to have do symptoms and were as fit as others, showing that 
41 hypotension, even .when systolic pressure is below 100 mms., can be 
present in good health.' 1 

The results of the diastolic pressure readings are tabulated in 
Table II. Here again we find that our figures are lower by about 
10 mms. than the figures given for Americans In McCay's work we 
find no reference to diastolic pressure. Our figures are a trifle higher 
than the figures of Cadbury for Chinese students About 76% of our 
subjects had diastolic pressures between 60 and 79 mms. Nearly 
20% had diastolic pressure below average The average figures show 
little variation in the age groups above 20 years. 

Pulse pressure readings are tabulated in Table III. The average 
pulse pressure for adults was found to be 44 mms In children it is 
slightly lower than in adults and slowly increases with age. It rises 
in proportion to the height of systolic blood pressure as will be noticed 
below. 

Body Weight and Blood Pressure 

The blood pressure in the age group 5 to 19 years has been 
tabulated in Tables IV, V and VI. The systolic blood pressure shows 
a steady increase with increase in body weight. The same is true for the 
diastolic pressure also though it does not show the same amount of 
increase as the systolic. Consequently we find that the pulse pressure 
rises , the difference being due more to the rising systolic pressure than 
to the diastolic, a fact that has been noticed by other observers before. 
Table VII shows a comparison between the results of Michael and 
of Cadury and of ourselves. Our figures though higher than Cadbury's 
are considerably lower than the figures given by American authors 

The relation between body height and blood pressure of the age 
group 9 to 19 years is shown in Table VIII, and Table VIII {a) shows 
similar figures for American subjects. The systolic blood pressure 
rises gradually as the height increases. Though the relative increase 
is the same m Indians and in Americans, the absolute figures for the 
latter are higher by about 10 mms. The diastolic pressure too shows 
a slight increase with increased height. 

Blood Pressure of other communities . 

The systolic and diastolic pressures of Hindu children at Dadar 
schools were found to be lower than those of the Christian children of 
the same age and locality. The difference was about 4*7 mma for 
systolic blood pressure and 10*41 mm. for the diastolic pressure The 
Christian boys were comparatively of better physique than the Hindu 
boys of the same locality. The students of a Parsi school in the Fort 
were found to have systolic blood pressure about 7 mms. higher than 
that of the Christian boys. In the medical students of the Seth G. S, 
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Medical College, the blood pressure of the students of the various 
communities was approximately the same. The blood pressure of the 
Mohamedan students of the Ismail College, Andheri, is shown in Table 
XI, compared with that of the Hindu students of the Medical College. 
The figures for the systolic pressure are equal to the nearest integer, 
whilst the diastolic figures m Mohamedans are higher by 3 8 mms. 
than in Hindus The conditional life of both sets of students are 
more or less the same except perhaps that the medicoes have to do a 
greater amount of work than the students of the other college. The 
average systolic pressure for both the groups is about 113 3 mms. 
The problem demands more investigation before final conclusions can 
be drawn therefrom. 

Dtet and Blood Pressure, 

The blood pressure of adults of the age group 30 to 50 years has 
been classified from the pomt of view of diet in Table XII. The sub- 
jects classified as vegetarians in the Table were total abstainers from all 
animal food except milk The non-vegetarian diet consisted of a few 
eggs and a few ounces of meat or fish daily, besides the usual diet 
consisting mainly of rice, wheat and vegetables. The systolic blood 
pressure of vegetarians was found to be 1 12*0 mms. and that of 
non- vegetarians was found to be 120*0 mms . — a difference of 8 
mms. The average diastolic was found to be 78 4 and 76*2 mms. for 
the non-vegetarians and the vegetarians respectively — difference of 
2*2 mms. All these subjects were clerks employed in the various 
departments of the Bombay Municipal Head Office having the same 
conditions of life as regards work, exercise, etc 

Occupation and Blood Pressure, 

Table XIII shows the blood pressure of clerks and labour staff of 
different age groups compared The labour staff of the hospital con- 
sisted of ward boys and gardeners. Most of the subjects of the labour 
staff had habits of drinking toddy or country liquor and of chewing 
tobacco, while the number of people who had such habits among the 
clerical staff was practically nil. The systolic blood pressure of clerks 
of age between 20 and 29 years was found to be higher by about 
4 mms while that of the clerks of age between 30 and 39 years of 
age was found to be 7 3 mms. higher than that of the labour staff of 
the same age. The members of the labour staff had to do a greater 
amount of manual labour than the clerks. Perhaps the higher figures 
for the clerks can be accounted for by the sedentary habits combined 
with inadequate opportunities for physical exercise and worries 
incidental to their work and to their status in life. 

Basal Blood Pressure. 

This group consisted of male medical students and female nurses 
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of the King Edward VII Memorial Hospital The students were 
between 20 and 28 years of age while nurses were between 18 and 
28 years. The blood pressure was taken between 5-30 ajn. and 
6-30 a.m while the subjects were still m bed In comparison the 
blood pressure was again taken at 4 p.m. after they had been working 
since 8 a.m The average basal systolic pressure of male students 
was 103 53 mms. and was 7 mms lower than that taken during work- 
ing hours. The working hour diastolic pressure showed a rise of 
2 5 mms. from basal diastolic pressure In the nurses the average 
basal systolic pressure was found to be 95*6 mms. — lower by about 
9 2 mms. than the working hour systolic pressure. The working hour 
diastolic pressure showed an increase of 5*5 mms from the basal 
diastolic pressure The difference between the working hour blood 
pressure and the basal blood pressure is greater in the females than in 
the males. The basal blood pressure of Hindu nurses was found to 
be higher than that of Christian nurses, which might be due to the 
greater emotional tone noticed in the former 

Arteriosclerosis 

Another interesting fact brought out in this investigation was the 
frequency of arteriosclerosis in children as judged by the thickening 
and palpability of the walls of the radial and brachial arteries. The 
relative frequency in different communities is shown in Table XV. The 
average blood pressure of the cases of arteriosclerosis we came across 
during the course of our investigations is shown in Table XV There 
seems to be no definite relation between arteriosclerosis and high blood 
pressure in these cases. But here again the number of subjects is not 
sufficient to warrant any conclusions. 

Pulse rate . 

The average pulse rate for Hindu school children at Dadar 
between 5 and 9 years of age was found to be 86 5 per minute. 
Between 10 and 19 years it was found to be 82 5 per minute. For 
adults it was found to be on an average 75 per minute. The results 
are tabulated in Table XVI. 

The basal pulse rate of students (males) between 20 and 28 years 
was found to be 63 7 per minute and the working hour pulse rate 
taken at 4 pm. was 73 19 Among the nurses between 18 and 
28 years it was 70 9 and that taken during working hours was found 
to be 75*45. The pulse rate of females under basal as well as under 
working hour conditions was higher than in males 

Summary . 

1 The systolic blood pressure of Hindus in Bombay is lower by 
about 10 to 15 mms. than that of Americans or Englishmen. The 
diastolic is lower by about 5 mms. 
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2. The relative proportion between body weight, body height and 
blood pressure is approximately the same m Indians, as in Americans. 
“ Age has little influence on blood pressure among adults of propor- 
tionate height and weight." (Ref. il). 

3. The average basal systolic blood pressure is lower by about 
7 14 mms. than the systolic blood pressure taken under working condi- 
tions in males and 9 2 mms. in females. The diastolic blood pressure 
shows smaller variation. 

4. The blood pressure of Christian and Parsi children is higher 
than that of Hindu children but the problem requires further investiga- 
tion before definite conclusions can be drawn. 

5. The systolic blood pressure of clerks and intellectuals is higher 
than that of manual workers 

6. The blood pressure of people who live on a non- vegetarian 
diet tends to be higher ( by about 8 mms ) than those living upon a 
vegetarian diet 
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Table I 

Systoha pressure t n Hindus (Malts) 


Blood pressure m 
Mras of Mercury 

5 to 9 yra 

10 to 19 
years 

20 to 29 
years 

30 to 39 
years 

40 to 49 
years 

60-69 Mms 

3 





70-79 

29 

31 




80-89 

56 

115 




90-99 

72 

155 

1 

2 

1 

100-109 , 

5 

56 

16 

3 

5 

110-119 , 


23 

25 

6 

3 

120 129 „ 


10 

7 


4 

130 139 „ 


1 

6 


3 

140-149 „ 






150-159 , 




i 


Total 

115 

391 

55 

27 

16 

Mean 

84 2 

934 


12079 


Probable error 
mean 

±0 5025 

±0 3411 




Standard deviation 

7 991 


9 309 

12 78 

1126 

Probable error of 
standard devia 
tion 

±0 3554 

±0 2412 

±0 5980 

±1 172 


Co efficient of van 
ation 

9 491 

10 72 

8130 

15 29 

9 899 

Probable error oi 
co efficient of va 
nation 

±0 4249 

±0 2614 

±0 8577 

±1435 

±1472 

Percentage above 
130 Mms 


026 

10 9 

222 

1875 


L 
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Table II. 

Diastoltc blood pressure of Hindus (Males). 


Pressure in Mms. 
of Hg. 

5-9 years 

10-19 

years. 

20-29 

year9 

30-39 

years. 

40-49 

years. 

30-39 Mms. 

10 

8 

»it 

• M 

. 

40-49 „ 

35 

24 

« 

• • 

• •• 

50-59 „ 

40 

131 


• 

Mt 

60-09 „ 

29 

1G4 

15 

5 

3 

70-79 „ 

1 

59 

34 

11 

6 

80-89 „ 

t •• 

5 

4 

6 

7 

90-99 „ 

• 

• 

2 

5 


100-109 „ 

• • 

• •• 

• •• 

see 

see 

Total 

115 

391 

55 

27 

16 

Mean 

52 42 

56*10 

73*226 

78*50 

77 00 

Probable error of 
Mean 

0 5652 

0 6176 

0*5630 

j 1*223 

3 681 

Standard deviation 

9 003 

18*100 

6*255 

9421 

21*88 

Probable error of 
standard devia- 
tion. 

0*4004 

04367 

0*4018 

0 8648 | 

2*609 

Co-efficient of va- 
riation. 

17*18 

32*42 

8*545 

12*00 

2841 

Probable error of 
co-efficient of va- 
riation. 

0*7863 

0*4512 

0 5530 

1118 

2*812 
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Table III. 

Pulse pressure of Hindus (moles). 


Pressure in Mms. 
of Hg 

5-9 

years. 

10-19 

years. 

20-29 

years. 

30-39 

years 

40-49 

years 

10-19 Mms, 

3 

7 

I( 


. 

20-29 „ 


138 

1 

• • 

• - 

30-39 


157 

21 

9 

6 

40-49 „ 


68 

22 

13 

8 

50-59 „ 


19 

10 

3 

i 

60-69 „ 

■ 

2 

1 

2 

1 

Total ... 

115 

391 

55 

27 

16 

Mean. 

32-94 

33 48 

44 32 


44 62 

Probable error of 
Mean 

0 5034 

0-2945 

0 4665 


1 271 

Standard deviation 

8004 

8636 


8 074 

7 532 

Probable error of 
standard devia 
tion. 

0 3559 

0 2083 

0 3298 

0-7411 

0 8982 

Co-efficient of 
variation. . . 

24 3 

26 1 

11-58 

18 49 

16 91 

Probable error of 
coefficient of 
variation. ... 

1 

1596 

0 6866 

0 7543 

1752 

2 067 













92 


JOURNAL OF THE UNIVERSITY OF BOMBAY 


Table III a. 

Blood pressure of Europeans and Americans. 
Average blood pressure ( in Urns, of Hg . ) Comparison 
of the results of three investigators 



Males. 

' 

Females. 


Systolic. 

Diastolic. 

Systolic. 

Diastolic. 

Age 15-29 yean. 

RH 




Alvarez 

■F5c9| 

• •• 

126-3 

83 7 

Dunham. 


76 0 



Symmonds. 

1 123-4 

79 8 

1206 

78-4 

Age 30-39 yean. 

1 


129 8 

861 

Alvarez. 


*«• 

Dunham. 


77 0 

. • 

• 

Symmonds. 

eb 

82-0 

122 4 

80-9 

Age 40-49 yean. 

133 4 


1414 

91-4 

Alvarez 

• . 

Dunham. 

127 0 

810 

• 

• 

Symmonds. 

127 3 

843 

126 9 

84-1 

Age 50-59 years 



157-3 

961 

Alvarez. 

144 1 

... 

Symmonds. 

1312 

865 

1321 

87-3 

Age 60 Years and over. 





Dunham. 

134-1 

83-0 

. 

. 

Symmonds 

1312 

866 

135 5 

89-8 

All ages. 



1376 


Alvarez. 

134-7 

• a 

898 

Dunham. 

125 0 

781 

• • 


Symmonds. 

125 3 

821 

122 8 

80-5 

Halls Dally. 

127 0 | 

840 

123-0 

81-0 







Table IV 

Comparison of systolic blood pressure and weight 
Age group 5 to 19 years (males). 


93 



104 



















Comparison of diastoltc pressure and weight ( Age 5 to 19 years * ) Males . 



0-65391 057021 05733 0*8961 1 0*9391 0*9084 09202 1528 1*071 3147 [ 03311 






















Table VL 

Comparison oj pulse pressure and weight of boys ( age between 5 and 19 years . ) 
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Table No VIL 

Table showing the relation of Hood pressure to body 
weight of different authors. 


Body weight 
in lbs. 

Systolic pressure. 1 

Diastolic pressure. 

Pulse presmre. 

MlchaeL 

American. 

Cadbury. 

Chinese. 

Indian 

Cadbury 

Chinese. 

Indian. 

Cadbury 

Chinese. 

Indian 

20-30 


60 


30 


30 

. 

30-40 

t 

95 

81 


51 

• . 

29 


40-60 

100 

83 

871 

51 

56-9 

32 

327 

50-60 

107 

87 

9129 

65 

59 36 

32 

32 16 

60-70 

112 

94 

95-16 

60 

62 96 

34 

342 

70-00 

116 

96 

977 

59 

64 57 

37 

34-5 

80-90 


100 

105-59 

60 

66-97 

40 

394)6 

90-100 

126 

101 

1051 

63 

677 


36-9 

100-110 

• 

104 

11026 

64 

71-47 

■9 

37-84 

110-120 


106 

11122 

65 

69 51 

41 

38*67 

120-130 

s 

106 

11172 

66 

722 

41 

42-6 

130-140 

• 


114-50 



• 

422 


Table VIII. 

Comparison of body height and blood pressure {Males). 


Height. 

No. 

exa- 

mined. 

Systolic pres- 
sure 

Diastolic pres- 
sure. 

Pulse pres- 
sure. 



Mms. 

Mms. 

Mms. 

3 '-6" to 4'-0" 

98 

85-3 ±0*5384 

52*7 ±0*6657 

32*7±0*6132 

4'-4" to 4'-6" 

255 

88-3 ±0-4592 

60*3 ±0-6422 

32-2±0-4145 

4'-<>" to 5'-0" 

102 

97*9±0*7964 

66*1 ±0*5829 

34*6±0*5599 

5'-0"to5'-*" 

135 

108*6±0*5899 

71*6±0*4335 

39*6± 0*4096 

5'-6" to 5'-9" 

33 

U2*4± 1*024 

72*3 ±0-7930 

39*9 ±0*9494 
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Table VIII a 

Comparison of blood pressure and body height of American 
children ( Michaels ), with Indian Children examined 
during the course of the present enquiry 


Height. 

Systolic pressure. 

American Children 

Indian Children 

y-b" to 4'-0" 

99 Mms. of Hg 

85 3 Mms. 

4'-0" to 4-3" 

109 

87 5 „ 

4'-3" to 4'-6" 

112 

931 

4'-6" to 4'-9" 

118 

94-3 p. 

4'-9" to 5'-0" 

120 

100*3 „ 

5 foot and over* 

t 

125 

1080 M 


Table IX. 

Comparison of based blood pressure and blood pressure during 
working hours ( Males 52. Ages 20-28) 



Basal blood pres- 
sure. 

Evening. 

Difference 

Systolic pressure 

103 53± 4837 Mms 

110-€4±1 361 Mms. 

7 14± 1-446 Mms. 

UMflCOlIC re 

70-0 + 4588 „ 

72 5 ±7723 „ 

25 ±0*8984 „ 


(Females— 35. Ages 19—24) 



Basal Wood pres- 
sure 

Evening 

Difference. 

Systolic. 

95-64± 1-062 Mini 

104-63+0 4735Mms. 

921±1154Mms 

Diastolic. 

66 40±0-M01 . 

700 ±0 4942Mms. 

5-51±1061 . 


Tho basal blood pressure was taken in the morning after rest 
during the previous night and before the subjects had got up and stirred 
out of bed. The evening blood pressure was taken between 4 p. tn. 
and 5 p. m. on the same day and where it was not possible it waa 
measured between 4p.rn.and5p.rn.the next day 

M 
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Table No. X. 


Blood pressure of Hindus, Christiana and Pants (malss). 
5 to 19 years 



Hindus. 

Christians. 

Persia. 

No. examined. 

391 

100 

100. 

Systolic pressure. 

Mms. 
93-4±0 3411 

1 i il:^ 


Diastolic „ i 

56-1 ±0-6176 

66' 5 ±0-4955 

71 0±0-4545 

Pulse „ 

33‘48±0 2945 


364±0'5811 


Table No. XL 

Blood pressure of Mdhomedan students (of Ismail College, Andherl) 
and Hindu students {of the Seth OSM. College, Bombay). 
20-29 (Males). 


No. examined. 

Mahomedana. 

1 28 

Hindus. 

47 

Systolic pressure. 

113<4 Mms. of Mg. 

113-0 Mms. 

Diastolic „ 

78-3 „ „ 

74-5 „ 

Pulse ,i 

35 1 „ „ 

395 „ 


Table XII. 

Comparison of blood pressure of vegetarians and non-vegetarians 
(males) Municipal c lenoal staff ( 30-50 yean). 


No. examined. 

Vegetarians 

46 

Non-vegetarians. 

35 

Average systolic pressure. 

112*0± 1*32 Mms. 

120O± 1-049 Mms. 

ii diastolic „ 

78-4± 0 3214 

76-2±0*6116 N 

poise .. 

48-8±0*3214 „ 

46O±0-9572 „ 
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Table XIII. 

Companion of blood prusurt ofoltnoal and labour staff. 
(Males.) 


Ha qcratocd. 

1 Age 20 to 29 years. 

Age 30 to 39 yean. 

mggvrwm 


i unto 

27 

Labour atafl 

29 

■H 

Mmi 

114'1±0-6717 

Mmi 

11 1*82 ±1023 

Mm 

1 120-79±1«668 

Mnu. 

113-47±l-477 


73*26±0«B63D 


E3SO 

78-78±(MB93 

Pulse 

44 32±0-4665 

3ft-16±l-921 

43-7 ±1-048 

37-96±O-9096 


Table XIV. 

Blood pressure in Artenosderoas. 


Age. 

No. 

examined. 

Average systolic 
pressure. 

Average 

diastolic. 

10 to 14 Yrs. 

15 

103*0 

64*0 

15 to 19 „ 

19 

124 0 

72*0 

20 to 24 „ 

3 

125*0 

77*0 

25 to 29 „ 

1 

120*0 

76*0 

30 to 34 „ 

6 

112*0 

77*0 

35 to 39 „ 

3 

118*0 

79*0 

40 to 49 „ 

1 

115*0 

81*0 

50 to 59 „ 

• e 

a • 


60 to 69 „ 

1 

130*0 

740 




Arteriosclerosis in children. 

Community. 

No. examined. 

No. of arterioscelerotic 
subjects. 

Hindus 

520 

28 

Christians 

100 

6 

Parsto 

100 

2 
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Table XV. 

CoittfariaoH of average blood pressure 6 tube tab of Christian 
and Hindu nurses. ( Age between 18 and 51 yrs . ) Majority 20~35 yrs. 


Caste. 

No. examined. 

Systolic 

pressure. 

Diastolic 

pressure. 

Pnlae rata. 

Christian. 

74 

109-2 

79-3 

83-1 

Hindu. 

33 

111-78 

79-04 

87-7 


TALE XVI. 

Pulse rate of men ( working hours . ) 


Age. 

5 to 9 yn. 

10 to 19 yn. 

20 to 29 yn 

30 to39yra 

40 to 49 yn. 

No. 

•xtmined. 

115 

391 

«7 

28 

19 

Putoe rate 

86-5±W711 

3259 

74-6S±MlG9 

77±0-98l6 



Table XVIL 


Frequency distribution of systolic blood pressure of Nurses 
( between 19 and 29 years ). 



Number 

Examined. 

Christians, Indian 
Christian, Anglo* 
Indians, 

Hindus. 

90-99 Mm*. 

3 

3 


100-109 Mms. 

31 


11 

110-119 H 

24 

17 

7 

120-129 „ 

8 

5 

9 

130-139 n 

3 

2 

1 

140-149 H 

1 

.IS 

Ml 


7t 

49 

22 
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Table XVIII. 

Ranges tf variation of blood pressure in young adults ( 30-29). 




Women 

Men 



Basal 

Working 

hours 

Basal 

Working 

hours 

Systolic. | 

Max. 

Minm. 

120 

79 

127 Mms. 
87 „ 

122 Mms. 
85 

134 Mms. 
90 .. 

Diastolic. | 

Maxim 

Minn. 

87 

53 

86 „ 

54 

84 „ 

58 M 

84 „ 

64 „ 


Table XIX. 

Blood pressure and weight t n men of age between 25-40 ye are 
( Municipal Berks ) 


Weight In lbs. 

No. examined 

Systolic pres- 
sure 

Diastolic pres- 
sure 

95-99 lbs. 

4 

107*5 Mms. 

69*35 Mms. 

100-109 ,, 

7 

116*7 „ 

73*85 „ 

110-119 „ 

11 

112*45 .. 

74*72 „ 

120-129 M 

13 

113*3 „ 

70*4 . 

130-139 „ 

10 

120*1 .. 

76*3 . 

140-149 „ 

8 

121*0 ,, 

80*8 „ 

150-159 h 

7 

123*7 „ 

82*57 ff 


Table 

XX, 


Blood pressure and height in men of age between 25-45 years 


( Municipal cUrks ). 


Height in inches. 

Number exa- 
mined. 

r— 

Systolic pres- 
sure. 

Diastolic pres- 
sure. 

- 

55-59 

1 

105 Mms. of Hg. 

74 Mms. 

60-62 

9 

118 7 M 

74 * 

63-65 

24 

114*7 * 

75*3 „ 

66-68 

23 

114*3 

70*43 * 

69-71 

5 

124 

83 „ 























Reviews 


Pradtcal Anatomy by Six Teachers, edited by E. P. Stibbb, 

F. R. C. S (Edward Arnold & Co.) London, 1932, 30a. net 

This book is a useful addition to the current text-books on Practi- 
cal Anatomy, and is designed specially to meet the requirements of 
students working for M. D. B. S. examinations in this subject. As 
stated in the Preface, it is intended to replace the Practical Anatomy 
of Professors Parsons and Wright, who have generously permitted 
every use to be made of their original text and illustrations. The six 
teachers, who have contributed different sections, are Professor W 
Wright of the London Hospital Medical School ( The Abdomen and 
Pelvis ), Professor T. Yeates of the Middlesex Hospital Medical School 
(The Thorax), Professor J S. B. Stopford of the University of 
Manchester ( The Central Nervous System), Professor S. E. Whitnall 
of the McGill University, Montreal (The Orbit, Eye, and Ear), 
Professor Mary F. Lucas Keene of the London School of Modicum for 
Women ( the Head and Neck ), and Mr. E. P. Stibbe of the London 
Hospital Medical School (The Limbs). The hints regarding the dis- 
section are concise and practical. In studying each part, the instructions 
are to study the Skeleton first, then the surface markings and finally 
dissections. This is how it should be. The Skin incisions, and sub- 
sequent steps in the dissection are clearly put, and described in their 
logical sequence, and well illustrated by numerous diagrams ( an im- 
portant feature of the book ) It must prove a difficult task for any 
author to judge as to how much theoretical descriptions of parts should 
be included in a practical handbook such as this. This difficulty is 
successfully overcome, for the book is the outcome of mature teaching 
experience of a number of distinguished anatomists, and the students 
will find it a real aid in the Dissection- Room. 

S. L. Bhatia 


Text Book of Pathology. By Robert Muir, F. R. S., Third Edition. 
(Edward Arnold ft Co.) London, 1933, 35s. net 

The third edition of the Text Book of Pathology by P rofeseor 
Robert Mur has been published four years after its predecessor. It was 
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first published in 1924 and reprinted in 1924, 1926 and 1927 ; the 
second edition came oat in 1929, and reprints again m 1930 and 1932. 
This speaks volumes regarding its immense popularity as a guide to the 
students of Pathology. In the new edition the general plan remains the 
same, but numerous additions have been made, bringing the subject 
matter up-to-date. This book has a scientific and practical outlook and 
caters specially for the requirements of the student of medicine. Stress 
has been laid throughout on the fact that disease processes are dis- 
turbances of function and structure. It deals specially with the anatomi- 
cal ( gross and microscopic ) aspect of Pathological processes, although 
the biochemical aspect is not ignored, but the student must supplement 
this by reference to other bodes. The same applies to the Pathology of 
Tropical Disease. The book contains sound teaching and maintains a 
good balance, and the student will turn to it with delight to acquire the 
fundamentals of the science of Pathology. 

S. L. Bhatia 


An Outline qf Immunity . By W. W. C. Topley, (Arnold & Co,) 

London, 1933 

We undertook the review of this book with the same apprehen- 
sion that the author expresses about his writing a new text-book on 
Immunology. A text-book it looks, indeed, in title and size ; but even 
a superficial inspection of the contents suggests it to be something 
better. To attempt to write at this stage of that science is daring 
enough ; and it was for this reason that the volume attracted our atten- 
tion. On the other hand, we sometimes have wasted so much time, 
when we have been 11 caught " by pretentious monographs which are 
merely chapters of text-books, that a feeling, at the commencement, of 
distrust towards a book openly called on ' Outline * was explicable. 
However, the reading of the first few pages gave us at once that 
pleasant feeling of being in the company of a master. The book is very 
cleverly written. A man just initiated in the knowledge of immunity 
may think that it contains nothing new. But the fact is that much more 
than the outlined phenomena is given by the scientific arrangement of 
the matter , and both in the selection and elimination of the material, 
in the correlation of the facts and in the very original and illuminating 
remarks, the personality of the author, overshadowing solutions, is 
manifest enough. 

Right at the outset, for instance, he says (p. 3) "Another 
important change that the immunologist makes in the clinical and 
epidemiological picture is in regard to the character and extent of the 



104 


I JOURNAL OR THE UNIVERSITY OR BOMBAY 


association bstwsen any given peruke and the boat spades that it 
infects. He finds that the real range of interaction indndes states of 
equilibrium in which the host shows no overt Bigns of disease. Whether 
we call all these conditions latent infections! or refer to many of the 
hosts as healthy carriers, matters little.” As pertinent to similar 
ideas developed in that chapter, I may mention the tendency to 
generalize parallelisms and relationships, where perhaps only local 
phenomena with peculiar conditions are involved. Webster and Clow 
( J. Exp. Med. 58, 465, 1933 ) have shown that in the case of the 
intra peritoneal virulence of the pneumococcus in mice, a tugh peritoneal 
pathogenicity may be, and often is, accompanied fay an almost total 
lack of nasal infectivity. There may be parallelism between nasal 
virulence and the tendency of the pneumococcus to set np carrier 
conditions, but anally there is lack of parallelism with virulence as 
determined by the intra peritoneal method, used as the test of in- 
fectivity 

Even in the descriptive portions, the author manages to insert a 
stimulating remark, as when speaking of susceptibility to diphtheria, 
he asks ( p. 280 ) . " Is a point reached in natural immunization at 
which a person resists carrier infection in the clinical sense? Can wa 
grade our Schick-unmnnes as we grade our Schick susceptibles, putting 
at the lower end of the scale those who have jnst attained to the 
Schick level of immunity and at the upper end of the scale those who 
are so resistant that virulent diphtheria bacilli are unable to gam 
lodgement in their throats ? ” 

Sometimes we find the author, we would not say cautions to the 
extreme, because great caution is necessary in the treatment of this sub- 
ject, but less favourably disposed to accept results which have as good 
a claim for acceptance as many others which have been allowed to pass 
without a remark. He says (p. 146). “ Whether the presence of Bpodfic 
sensitizing antibodies affords an effective resistance against the cones- 
ponding bacterium we do not know. We should clearly expect that 
an individual possessing an antibody acting on the surface antigen of a 
particular bacterial parasite would be more resistant to this organism 
than another individual from whose blood this antibody was absent" 
We think that the evidence afforded by the work of Sohs-Cohae, 
Robertson and Sia, Bull and McKee specially with the counter- 
proof of the absorption test cannot on the whole be called M scanty." 

Proceeding farther when the author makes a brief mention of the 
transmissible lytic agents, we slightly disagree with bis method of 
tackling the subject. Too modi emphasis is given to the actual tests 
of the therapeutic action in vwo, when he ooododes that the prospects 
of an inquiry in that direction seem hardly hopeful The subject of 
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the Bacteriophage has suffered from the very beginning, from a 
sort of recklessness, speculation and impatience for results, which were 
the peculiar characteristics of its worthy champion D'Herelle. 
The prospects of the enquiry, I am persuaded, would be more hopeful 
if attention was paid to the pure knowledge of its nature. Then — and 
the colloidal theories mentioned by the author ( p. 376 ) will 
support my contention — we could gain a better control over its 
behaviour. 

The author can hardly be blamed if the chapter on a subject in a 
formative stage and with such a cumbrous literature and so much 
experimental evidence as anaphylaxis, hyper-sensitiveness and allergy 
gives the impression of a less digested treatment It is, all the same, a 
clear source of information. 

Used as we are, while reading the book, to the apt comments and 
the appropriate analysis of many real problems, we are sometimes 
somewhat disappointed in not finding the author clearly expressing 
himself on certain matters which we, personally, would have liked to 
find more folly discussed. For example, the negative phase in the 
response to antigen injection ( pp 171-177 )• 

It may appear that, through fear or through anxiety to be fair, in 
several cases, no attempt at co-ordination has been made And yet 
the fact ofton observed in our sciences is that without abandoning our 
theories, we can still defend our particular tenets by carefully combining 
the established facts with probable occurrences. Leaving out Ehrlich, 
the past master not only in illuminating the way to many difficult 
problems, but also in cleverly and almost humorously conjuring 
up a host of convenient fluid or solid entities with determined 
function to perform, we find ourselves in our more scared age, resorting 
also to clever dodgings and laborious straining of our scientific con- 
quests in order to explain several phenomena which come to mar onr 
short-lived enthusiasm for a newly formed theory Talking of only a 
minor point, one instance among many which may be cited is the 
manner m which we explain away the age fluctuation observed in skin- 
sensibihty towards diphtheria toxin. 

In the present condition and outlook of this science, which 
has to deal with subtle and complex phenomena of what we may 
call overactivated physiology and impalpable biochemistry, it is not 
unscientific to offer facts arranged in the light of a theory, provided 
that the objections which arise from further investigation are not 
distorted to amt any convenient solution. An independent thinker, 
Mr. Topley to my judgment, is fair in his treatment and sharp 
in his analysis of all but perhaps some very minor points. 

N 
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The author is very modest in his claim that the book is a mere 
Outline intended mainly for medical students. It is more than that 1 
and even specialists! besides the real pleasure which they will experience 
in reading the book, will find much food for thought. 

G. Palacios 


Human Embryology and Morphology By Sir Arthur Keith 

M D., F.R S. Fifth edition. ( Edward Arnold & Co .) London. 

1933, 32s. 6 d 

The latest edition of Sir Arthur Keith's Human Embryology and 
Morphology has an individuality all its own. The author who is our 
one of the foremost authorities on evolution has discussed the 
embryology and comparative anatomy as revealers of the mechanism of 
Evolution. 

Every stage has been traced in the embryo which marks a new 
adaptive phase to the varying environment that confronts it and as far 
as possible the corresponding parallel from phytogeny is simultaneously 
depicted. This method of studying the ontogeny and phylogeny has 
enormous advantages in the advancement of further research into 
many obscure problems in physiology and pathology and to that extent 
this book serves as a valuable guide to workers in these branches of 
medical science. The Experimental Embryology with the aid of the 
advancing methods of Tissue Culture technique is another hopeful 
avenue through which the inter-relation between the various organs of 
the embryo can be studied as regards their position, growth and 
functions The Chemical Embryology and, particularly, the work of 
Prof. C M Child on metabolic gradients which have not been given 
enough space in this book are the methods which may ultimately yield 
results not to be despised by the student of evolution 

Finally, the mechanism of the chromosomes and of the genes that 
are responsible for the transmission of various traits of the parents into 
their offspring require a good deal of attention than that received at the 
hands of the author, if the medical student for whom the present book 
is intended, is to realise the prospects offered by this branch of science 
m clearing up many problems of normal and abnormal heredity. 
The marvellous work of T H. Morgan on the genes of the Drosophila 
must serve as a stimulus for similar work on higher animals on 
account of the tissue culture methods. 

As one goes through the work one gets the impression that the 
evidence afforded by comparative anatomy is rather unequally distribu- 
ted among the various systems. The circulatory, digestive and visual 
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systems especially do not get their adequate share. On the other 
hand, the skeletal and the locomotor systems, the face, the pharynx 
and the teeth have been very fully and excellently dealt with On 
the whole, one can detect more or less a distinct, though unconscious, 
surgical bias in the stress put on the aspects, normal and abnormal, of 
embryology. The author seems to be too much apprehensive about the 
bulk of the book getting out of control , but one does not agree on this 
point with the author, for in the incomplete state of onr knowledge in 
this branch, its treatment from different points of view, which is the 
speciality of this book, cannot be too sufficiently dealt with. 

The value of this book is enhanced by useful notes appended at 
the end of every chapter and the Liberal use mode of illustrations 
which enable the student to grasp the phases of development more 
easily and accurately than from mere descriptions. 

One specially realises the usefulness of this book for the medical 
colleges in India, particularly in this presidency, where comparative 
anatomy or zoology is not studied or taught in the department of 
anatomy. The book will prove an asset to the students who for want 
of actual firsthand knowledge are confused when confronted with the 
study of embryology 

D. B. S. 
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